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ABSTRACT 


^The  iadustrial  mission  of  Dastroyer  Tenders  (AD)  and 
Repair  Ships  (AR)  is  to  provide  intermediate  level 
maintenanra  and  repair  for  supported  ships.  The  Tender  and 
Repair  Ship  Load  List  for  these  ships  (AD/AR  TARSLL) 
designates  the  range  (number)  and  depth  (quantity)  of  repair 
parts  to  be  carried  to  support  this  industrial  mission.  This 
thesis  details  the  logical  reasoning  and  mathematical  theory 
used  to  develop  the  1977  AD/AR  TARSLL,  including  an  analysis 
of  the  data  development,  the  mathematical  inventory  model 
and  procedures  used,  and  various  assumptions  and  constraints 
applied  daring  the  process.  Actual  demand  history  for  the 
six  AD/AR' s  in  the  Atlantic  fleet  for  a  two  year  period  from 
1977  to  1979  was  used  to  evaluate  the  effectiveness  of  the 
load  list.  The  effects  of  certain  assumptions  in  the  model 
on  the  load  list  were  analyzed.  The  proposed  changes  for  the 
1980  TARSLL  were  incorporated  in  the  1977  TARSLL  and 
evaluated.  Also,  alternative  models  and  methods  of  load  list 
development  were  proposed  and  evaluared. 
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I.  GENEBAL  BACKGBOOND  AND  INTRODUCTION 


A.  DEFINITION  AND  PURPOSE  OF  THE  TARSLL 

The  iadustrial  aission  of  Destroyer  Tenders  (AD)  and 
Repair  Ships  (AR)  is  to  provide  intermediate  level 
maintenance  and  repair  for  supported  ships.  The  Tender  and 
Repair  Ship  Load  List  for  these  ships  (AD/AR  TARSLL) 
designates  the  range  (number)  and  depth  (quantity)  of  repair 
parts  to  be  carried  to  support  this  industrial  mission  for  a 
specific  period  of  time.  A  separate  load  list  is  developed 
for  the  Atlantic  and  Pacific  fleets.  Each  Destroyer  Tender 
or  Repair  Ship  in  the  same  fleet  carries  the  same  load  of 
items.  This  load  has  been  designated  as  Prepositioned  Nar 
Reserve  Stock  (PHRS)  by  the  Chief  of  Naval  Operations  (CNO) 
and  as  such  is  not  only  to  be  responsive  to  peacetime 
demands  but  also  to  satisfy  wartime  requirements.  The  normal 
support  period  is  therefore  specified  as  ninety  (90)  days 
since  this  is  considered  the  required  support  period  for  a 
wartime  environment  without  resupply.  The  CNO  has  also  set 
an  85  percent  net  requisition  effectiveness  goal  for  the 
AD/AR  TARSLL.  This  means  that  85  percent  of  all  of  the 
requisitions  submitted  in  a  90  day  period  for  items  carried 
by  the  TARSLL  should  be  completely  filled  from  stock.  This 
excludes  requisitions  from  supported  ships  for  resupply  of 
their  stock  since  the  TARSLL  is  not  designed  to  support 
this.  A  new  TARSLL  is  produced  about  every  three  years. 
Prior  to  1979  the  Fleet  Material  Support  Office  (FMSO)  was 
responsible  for  development  of  the  TARSLL  model  and 
production  of  the  actual  load  list.  The  production  function 
is  now  the  responsibility  of  the  Ship's  Parts  Control  Center 
(SPCC)  . 


B.  PROBLEMS  WITH  THE  1977  AD/Afi  TARSLL 

The  AD/AR  TARSLL  developed  in  1977  for  the  Atlantic 
fleet  had  a  per  ship  range  of  about  13,000  different  line 
items  and  a  per  ship  value  over  $750,000.  In  August  1979  the 
Commander  Naval  Surface  Force  Atlantic  Fleet  (the  type 
commander  for  Atlantic  fleet  tenders  and  repair  ships) 
critized  the  1977  AD/AB  TARSLL  for  not  being  responsive  to 
fleet  needs.  In  particular  ha  claimed  that  over  9000  of  the 
load  list  items  had  no  demand  for  two  years.  The  current 
model  is  about  16  years  old  and  has  not  undergone  a  complete 
analytic  review  since  inception,  although  there  have  been 
several  interim  changes  to  correct  apparent  deficiencies. 
Some  people  involved  in  the  development  of  the  1980  TARSLL 
at  SPCC  have  recommended  several  changes  in  the  methodology 
and  parameters  used  in  the  model  prior  to  development  of  the 
1980  TARSLL.  The  more  important  changes  concern  the  criteria 
for  determining  the  range  of  items  to  be  carried,  the 
essentiality  of  items,  and  the  average  quarterly  demand  for 
items  without  a  demand  history.  FMSO  has  been  tasked  by  the 
Naval  Supply  Systems  Command  (NAVSUP)  to  review  the  AD/AR 
TARSLL  development  process  and  recommend  procedural  changes 
for  the  1980  load  list. 

C.  THESIS  PURPOSE 

The  purpose  of  this  thesis  is  to  detail  the  logical 
reasoning  and  mathematical  theory  used  to  develop  the  1977 
AD/AR  TARSLL,  including  an  analysis  of  the  data  development, 
the  mathematical  inventory  model  and  procedures  used,  and 
various  assumptions  and  constraints  applied  during  the 
process.  Actual  demand  history  for  the  six  AD/AR' s  in  the 
Atlantic  fleet  for  a  two  year  period  from  1977  to  1979  will 
be  used  to  evaluate  the  effectiveness  of  the  load  list.  The 
effects  of  certain  assumptions  in  the  model  on  the  load  list 
will  be  analyzed.  The  proposed  changes  for  the  1980  TARSLL 
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will  be  iacorporated  in  the  1977  TARSLL  and  evaluated.  Also, 
alternative  models  and  methods  of  load  list  development  will 
be  proposed  and  evaluated.  The  scope  of  this  thesis  has  been 
coordinated  with  FHSO  to  support  their  efforts  in  improving 
the  1980  AD/AR  TARSLL. 


I 

( 


i 


9 


II.  GENERAL  DESCRIPTION  OF  TARSLL  DEVELOPMENT 


A.  GENERAL  DESCRIPTION  OF  THE  INVENTORY 

There  are  two  distinct  categories  of  items  considered  in 
the  development  of  the  TARSLL.  The  first  category  is 
equipment  related  (£R)  items  which  are  load  list  candidates 
based  on  their  identification  to  an  equipment  or  component 
to  be  supported  by  the  tender's  repair  capability.  The  other 
category  is  non-equipment  related  (NER)  items  which  are  load 
list  candidates  based  on  demand.  If  an  item  does  not  meet 
the  criteria  to  be  an  ER  candidate,  but  does  have  industrial 
demand  reported  in  the  last  two  years  by  a  tender  or  repair 
ship  to  be  supported  by  the  load  list,  then  this  item  is 
designated  an  NER  candidate. 

B.  EQUIPMENT  SUPPORT  DETERMINATION 

The  first  step  in  determining  the  ER  candidate  items  is 
to  list  the  ships  by  hull  type  and  number  to  be  supported  by 
the  tenders  and  repair  ships  of  each  fleet.  This  is  called 
the  hull  mix.  Once  it  is  established,  SPCC  retrieves  from 
its  master  files  all  Allowance  Parts  Lists  (API's) 
applicable  to  the  hull  mix.  These  APL's  are  then  filtered 
through  i  component  cut  which  basically  eliminates  from 
further  consideration  any  APL's  that  are  not  applicable  to 
at  least  seven  ships  in  the  hull  mix.  Of  course  the  type 
commander  can  override  the  component  cut  for  any  APL.  The 
repair  parts  appearing  on  the  candidate  APL's  are  then 
screened  to  eliminate  those  items  that  cannot  be  installed 
at  the  tender  or  repair  ship  level.  The  remaining  items, 
plus  any  other  identified  by  the  type  commander,  become  the 
ER  candidate  repair  parts.  During  this  last  screening,  the 
total  quantity  of  each  item  installed  in  the  supported  ships 
is  accumulated  along  with  the  lowest  level  at  which  the  item 
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can  be  installed,  i.e.  either  the  lead  activity  or  the 
supported  ship.  Once  the  ER  candidate  items  are  identified, 
the  spec  master  data  files  are  entered  to  obtain  additional 
information  about  the  item,  including  price,  minimum 
replacement  quantity,  and  Bast  Replacement  Factor  (BRF) .  The 
meaning  and  use  of  the  BRF  will  be  explained  later. 

C.  INPUT  DEVELOPMENT 

The  naxt  step  is  the  retrieval  of  the  historical  demand 
data  for  these  items.  Destroyer  Tenders  and  Repair  Ships  are 
a  part  of  the  Mobile  Logistic  Support  Force  (MLSF)  and  as 
such  are  required  to  report  their  parts  demand  monthly  to 
spec.  spec  retains  this  data  for  24  months  on  the  MLSF 
demand  file.  In  the  retrieval  process  the  24  months  of 
demand  history  for  each  item  is  summarized  as  eight  quarters 
of  demand  quantity  (number  of  units  demanded)  and  demand 
frequency  (number  of  times  demanded) .  Only  those  demands 
identified  for  use  in  support  of  the  tender  or  repair  ship's 
industrial  mission  are  extracted  from  the  MLSF  demand  file. 
Additionally  those  items  on  the  demand  file  that  did  not 
qualify  as  ER  candidates  are  classified  as  NER  candidates 
and  their  demand  history  is  summarized  as  was  done  for  the 
ER  candidates, 

D.  RANGE  AND  DEPTH  DETERMINATION 

To  determine  the  variety  of  items  to  be  stoclced,  the 
model  applies  a  range  cut;  that  is,  any  item  that  has 
anticipated  demand  in  the  next  two  years  greater  than  a 
specific  level  (the  range  cut  parameter)  will  be  stocked, 
and  any  item  with  anticipated  demand  less  than  the  range  cut 
parameter  will  not  be  stocked,  subject  of  course  to 
individual  item  quantity  overrides.  The  range  cut  really 
determines  the  line  items  to  be  carried  on  the  TARSLL, 
while  all  other  calculations  only  determine  the  depth  to  be 
stocked.  Phe  range  cut  criterion  is  applied  to  each  item  as 
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it  is  being  considered  by  the  model.  If  an  item  does  not 
pass  the  range  cut,  and  is  not  forced  on  the  load  list  by  an 
override,  the  total  demand  quantity  and  total  frequency  of 
demand  are  accumulated,  and  then  the  next  candidate  is 
considered.  If  an  item  passes  the  range  cut,  it  proceeds  to 
the  depth  calculation.  The  model  that  is  used  for  depth 
determination  is  a  variable-protection-level, 
single-period-constrained,  inventory  model.  The  objective 
function  is  to  minimize  the  total  essentiality-weighted  cost 
of  the  load,  subject  to  the  constraint  that  requisition 
effectiveness  be  at  least  85  percent.  Essentiality -weighted 
cost  is  used  in  the  objective  function  to  provide  increased 
depth  for  more  «  sential  items  in  a  wartime  environment.  The 
problem  is  solved  by  an  iterative  process  based  on  a 
Lagrange  multiplier  approach.  The  variable  input  risk 
parameter  (the  Lagrange  multiplier)  is  set  and  the 
essentiality- weighted  cost  equation  is  solved  for  the  risk 
factor.  The  stock  level  for  each  item  is  set  by  using  the 
risk  factor  to  adjust  the  predicted  demand,  which  is  assumed 
to  be  normally  distributed,  subject  to  various  constraints. 
After  these  preliminary  stock  levels  are  sat,  a  prediction 
routine  is  run  to  estimate  the  net  requisition 
effectiveness.  If  the  desired  85  percent  effectiveness  is 
achieved,  then  the  TARSLL  is  set.  If  the  desired 
effectiveness  is  not  achieved,  then  a  new  risk  parameter  is 
input  and  the  process  is  repeated. 

E.  TARSLL  IHPLEMENTATION 

Once  the  load  list  has  been  determined  by  the  computer 
model,  a  series  of  listings  are  output  for  review  by  SPCC. 
These  listings  allow  an  analyst  to  review  the  load  list  in 
several  different  forms  to  determine  if  additional  items 
should  be  deleted  from  the  TARSLL  based  on  quantity,  price, 
or  demand  frequency.  After  these  "post  model"  changes  have 
been  made,  the  financial  statistics  for  the  final  TARSLL  are 
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forwarded  to  NAVSUP  for  approval.  Opon  approval,  a  tape  with 
the  load  list  items  and  all  data  necessary  for 

requisitioning  is  provided  to  each  load  list  carrying 

( 

activity.  There  it  is  merged  with  other  "ship's  stock"  to 
determine  the  quantity  to  be  ordered.  Throughout  the  life  of 
the  TABSLL,  adjustments  can  be  made  by  individual  ships 
based  on  actual  demand.  Additional  items  may  be  stocked  if 
there  are  four  demands  in  12  months  and  additional 
quantities  of  a  stocked  item  may  be  carried  if  certain 
quantity  and  frequency  of  demand  criteria  are  met. 
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III.  DESCRIPTION  OF  THE  INVENTORY  MODEL 


The  procedure  described  la  this  chapter  is  not  the 
result  of  the  rigorous  application  of  inventory  theory. 
Instead,  it  has  evolved  over  time  through  the  process  of 
trial  and  error.  There  have  been  many  patches  made  to 
correct  apparent  deficiencies  in  the  model,  as  evidenced  by 
the  many  overrides  and  constraints.  Consequently,  there  is 
no  theoretical  discussion  of  the  inventory  model  in  the 
basic  documentation  for  the  process.  The  marhematical  model 
presented  later  in  this  chapter,  therefore,  is  necessarily 
the  result  of  reverse  derivation  from  the  mechanics  of  the 
procedure.  The  model  was  derived  to  provide  some  insight 
into  the  objectives  and  basic  constraints  of  the  procedure, 
and  should  be  viewed  from  this  perspective. 

A.  FORECASTING  EXPECTED  DEMAND 

The  first  steps  toward  the  determination  of  the  range 
and  depth  of  items  to  be  carried  on  the  TARSLL  are  the 
computations  of  the  average  quarterly  demand  (AQD) ,  the 
standard  deviation  of  demand  <SIGMA) ,  and  the  average 
requisition  size  (A) .  For  items  with  demand  history,  AQD  is 
the  straight  average  of  the  eight  quarters  of  demand.  For 
items  without  any  demand  history,  the  Best  Replacement 
Factor  (BSF)  for  the  item  and  its  installed  population  are 
used  to  estimate  the  average  quarterly  demand.  The  BRF  for 
each  item  is  the  expected  number  of  times  an  item  will 
require  replacement  in  one  year.  Since  the  BRF  is  developed 
based  on  all  usages  of  the  item,  it  may  not  reflect  the 
expected  replacement  rate  in  the  equipments  supported  by  the 
TARSLL.  The  following  formula  is  used  to  determine  the 
average  quarterly  demand: 

AQD  =  1/4  BRF  [(POPS  X  K2)  ♦  (POPt  X  K3)J 
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PDPs  is  the  fleet  populatj.on  of  the  item  that  is 

installable  at  the  organizational  (shipboard)  level; 

POPt  is  the  fleet  population  of  the  item  that  is 

installable  at  no  lower  than  the  tender  level; 

K2  is  the  fraction  of  the  item's  population  installable 
at  the  organizational  level  that  is  to  be  supported 
by  the  tender; 

K3  is  the  fraction  of  the  item's  population  that  can  be 
installed  at  the  tender  level  that  is  to  be 
supported  by  the  tender. 

K2  and  K3  indicate  the  probability  that  the  tender  or  repair 
ship  will  see  a  demand  for  parts  installable  at  the 
different  levels  of  maintenance.  The  value  of  K2  is  set  to 
be  0.1.  This  means  that  a  tender  or  repair  ship  should 
replace  a  part  installable  at  the  organizational  level  only 
10  percent  of  the  time  the  part  fails.  The  value  of  K3  is 
set  at  .33  which  means  that  a  tender  or  repair  ship  should 
replace  a  part  installable  at  no  lower  than  the  tender  level 
33  percent  of  the  time.  If  AQD  computes  to  zero  then  a  value 
of  0.001  is  used.  The  standard  deviation  for  items  with 
demand  history  is  computed  as  follows: 


SIGMA= 


(Pi  -  AQP> 

O 


, where 


Di  is  the  demand  for  quarter  i. 

For  items  with  no  demand  history  SIGMA  is  taken  to  be 
1.6XAQD  if  AQD  is  greater  than  or  equal  to  1.0  and  2.1xAQD 
otherwise.  If  AQD  was  forced  to  be  0.001  then  SIGMA  is 
forced  to  be  0.0001.  The  average  quarterly  demand  and  the 
standard  deviation  are  then  supposed  to  be  factored  by  the 
number  of  ships  using  the  TAHSLL  to  reduce  demand  data  from 
an  ocean  level  to  an  individual  ship  level.  In  the 
development  of  the  1977  TARSLL,  however,  there  was  no 
factoring  of  either  AQD  or  SIGMA.  For  items  with  demand 
history,  the  average  requisition  size.  A,  is  equal  to  the 
total  demand  quantity  divided  by  the  total  demand  frequency. 
For  all  other  items,  A  is  set  to  one. 


15 


B.  RANGE  CUT  PROCESS 

Once  the  AQD  has  been  predicted,  the  range  of  items  to 
be  carried  can  be  determined.  This  is  done  by  the  range  cut 
process  which  is  distinct  from  the  depth  determination 
process.  If  an  item  has  a  predicted  two-year  demand  (8xAQD) 
greater  than  or  equal  to  the  range  cut  value,  the  item  is 
stocked.  Otherwise,  it  is  not  stocked.  An  item  passing  the 
range  cut  then  goes  to  the  depth  computation.  However, 
should  the  computed  depth  be  less  than  one,  the  range  cut 
process  forces  the  load-list  quantity  to  be  one. 


C.  DETERMINING  ESSENTIALITY 

To  determine  the  depth  of  an  item,  its  essentiality  must 
first  be  computed.  For  items  without  demand  history,  i.e. 
demand  was  estimated  by  the  BR?  method,  the  essentiality 
factor  E  is  computed  by  the  following  equation: 


- (116-MECs) ALPHs  -  (58-MECt) ALPHt 

E=POPs  X  Ks  X  e  X  Kt  X  e _ 

P(3ps  ♦  POPt 

POPS  is  the  fleet  population  of  the  item  that  is 
installable  at  the  organizational  level; 

POPt  is  the  fleet  population  of  the  item  that  is 
installable  at  no  lower  than  the  tender  level; 

Ks  is  a  parameter  used  to  weight  the  applications 
installable  at  the  organizational  level  (value  £  1) ; 

Kt  is  a  parameter  used  to  weight  the  applications 
installable  at  no  lower  than  the  tender  level  (value 
^  1) ; 

MECs  is  the  military  essentiality  code  of  those  items 
installable  at  the  organizational  level  (maximum 
value  is  116)  ; 

MECt  is  the  military  essentiality  code  for  those  items 
installable  at  no  lower  than  the  tender  level 
(maximum  value  is  58) ; 

ALPHs  is  a  parameter  used  to  control  the  range  of 

essentiality  for  items  installable  at  the 

organizational  level  (equals  .12); 

ALPHt  is  a  parameter  used  to  control  the  range  of 

essentiality  for  items  installable  at  no  lower  than 
the  tender  level  (equals  .12). 

Ks  and  Kt  indicate  the  relative  essentiality  of  parts 
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installable  at  the  different  levels  of  maintenance.  The 
current  values  of  Ks  and  Kt  are  .67  and  1.0  respectively, 
indicating  that  parts  installable  at  no  lower  than  the 
tender  level  are  50  percent  more  essential  to  the  tender's 
repair  mission  than  are  parts  installable  at  the 
organizational  level.  It  should  be  noted  that,  in  all  cases, 
the  value  of  E  computed  by  the  above  equation  will  be  less 
than  one.  Should  E  compute  to  zero,  then  a  default  value, 
which  is  currently  unity,  is  used.  For  items  that  have 
average  quarterly  demand  estimated  from  historical  data,  AQD 
is  used  as  the  measure  of  essentiality  (i.e.  E=AQD) .  This  is 
designed  to  increase  the  depth  of  items  with  historical 
demand,  since  the  range  cut  forces  the  AQD  to  be  greater 
than  one. 


D.  COMPUTING  LOAD  LIST  QUANTITIES 

Once  these  variables  have  been  determined,  they  become 
inputs  to  the  depth  computation,  which  is  the  only  place 
where  the  mathematics  of  the  single  period  constrained 
inventory  model  is  used.  The  assumed  model  is  : 

n 

minimize  21  Ci  x  Zi  /Ei 

i«  I 

t 

subject  to  - - -  >  ,95 

Ui/Ai 


Ci 

is 

the 

unit  cost  for  item  i; 

Ei 

is 

the 

essentiality  for  item  i; 

Zi 

is 

the 

quantity  stocked  of  item 

i; 

Ui 

is 

the 

average  quarterly  demand 

for 

item 

i; 

Vi 

is 

the 

average  quarterly  units  : 

short 

for 

item  i; 

Ai 

is 

the 

average  requisition  size 

for 

item 

i. 

The  solution  of  this  model  is  by  the  Lagrange  multiplier 
method.  Assuming  a  normal  distribution  for  demand,  the 
following  equations  are  obtained: 

1.  Zi  =  Ui  +  Si  X  J  *^Ci-  A|j  i=1,2,3,...n 
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9  is  the  Lagrange  multiplier 

Si  is  the  standard  deviation  for  item  i; 

^  is  the  density  of  the  normal  distribution; 

5  is  the  cumulative  distributiion  function  of  the  normal 
distribution. 

Equations  1 .  and  2.  must  be  solved  simultaneously  for  Zi  and 
0.  The  iterative  approach  is  used  for  solution.  The  Lagrange 
multiplier  is  fixed,  the  quantities  Zi  are  computed  for  each 
item  using  equation  1,  and  then  equation  2  is  solved  to 
determine  effectiveness.  The  Lagrange  multiplier  is  changed 
and  new  Zi  are  computed  until  constraint  equation  2  is 
satis  fi  ed. 

The  controlling  term  in  the  solution  of  the  model  is  the 
Lagrange  multiplier.  In  the  TABSLL  computations,  the  risk 
parameter  X  is  defined  as  1/9  and  the  following  is  called 
the  risk  equation: 

p  =  XCA/E  where  p  is  the  "risk” 

A  quick  look  at  the  term  |  ('1^)  =  \  (P)  will  explain  why  p 
is  referred  to  as  the  risk.  The  risk  is  the  probability  that 
demand  will  be  greater  than  the  value  t  =  o  (p)  as 
determined  from  a  normal  distribution. 


Since  p  i3  a  probability,  it  must  be  greater  than  zero  but 
less  than  one.  The  solution  of  the  risk  equation  is  the 
first  step  in  determining  the  depth  of  an  item.  As  mentioned 
earlier,  the  risk  parameter  is  set  for  each  iteration  and 
the  cost,  average  requisition  size  and  essentiality  are 
known  constants  for  each  item.  However,  there  is  no 
guarantee  that  the  solution  of  the  risk  equation  will  result 
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in  a  number  in  this  range.  Therefore,  the  value  of  p  is 
constrained  to  be  between  0  and  1. 

After  the  risk  p  is  determined,  the  normal  distribution 
is  used  to  determine  the  number  t  such  that  the  probability 
that  demand  is  greater  than  t  is  the  risk.  That  is,  t=|(p). 
The  depth  Z  is  determined  from  the  equation 

Z  =  AQD  ♦  SIGMA  X  t 

It  should  be  noted  that  t  can  be  either  positive  or 
negative.  Thus  depending  on  the  risk  allowed,  t  standard 
deviations  of  demand  can  either  be  added  to  or  subtracted 
from  the  average  quarterly  demand  in  computing  depth.  This 
preliminary  depth  is  then  rounded  and  subjected  to  several 
restrictions  to  give  the  final  load  list  quantity. 

E.  QOANTITY  CONSTRAINTS 

The  primary  constraint  is  the  minimum  quantity  (one) 
specified  by  the  range  cut  criterion.  Other  quantity 
restrictions  are  minimum,  maximum,  mandatory,  and  exclusion 
overrides  applied  to  specific  items.  These  are  used  to  set 
upper  or  lower  limits  on  the  quantity  to  be  carried  or  to 
specify  a  mandatory  quantity.  An  exclusion  override  is  a 
special  case  of  the  mandatory  override  in  which  the  quantity 
is  zero,  auantity  overrides  are  usually  identified  prior  to 
the  running  of  the  model.  One  of  the  more  common  overrides 
is  a  maximum  quantity  override  specified  by  the  fleet 
because  of  volume  constraints.  The  next  restiction  is  that 
no  less  than  one  dollar's  worth  of  the  item  will  be  stocked, 
i.e.  the  quantity  is  increased  such  that  the  extended  dollar 
value  is  greater  than  J1.00.  Another  restiction  is  that  the 
change  in  the  load-list  quantity  must  exceed  25  percent 
before  the  load  list  will  be  adjusted  to  the  new  quantity. 
This  is  to  eliminate  the  handling  costs  associated  with 
small  quantity  changes.  The  new  load-list  quantity  must  also 
be  in  even  multiples  of  the  item's  minimum  replacement  unit 
(HBO) .  The  MHO  reflects  the  minimum  number  of  units 
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required  to  perform  a  task  and  may  vary  among  APL's.  The  MHO 
for  any  item  is  the  maximum  of  the  MRD’s  appearing  on  the 
applicable  APL's.  Finally,  for  items  without  historical 
demand,  the  load  list  quantity  is  constrained  to  be  less 
than  50  units  and  have  an  extended  value  less  than  $100. 
This  constraint  is  designed  to  prevent  the  stocking  of  an 
excessive  quantity  or  dollar  value  of  an  item  based  on  an 
erroneous  BRF  estimate  of  demand. 

F.  EFFECnVENSSS  PREDICTION 

After  the  item  quantity  is  determined,  preliminary 
statistics  concerning  the  item  are  accumulated.  These 
statistics  include  a  tally  of  the  various  overrides  and 
restrictions  applied,  the  method  of  estimating  demand,  and 
the  extended  dollar  value  of  the  item.  The  predicted 
quarterly  demand  quantity  and  frequency  and  the  number  of 
units  and  requisitions  satisfied  are  also  accumulated.  These 
last  statistics  will  be  used  to  predict  load  list 
effectiveness  after  all  candidate  items  have  been  processed. 
The  number  of  units  satisfied  is  estimated  by  assuming  a 
normal  distribution  of  demand  to  estimate  the  units  short 
and  subtracting  this  from  the  estimated  average  quarterly 
demand.  The  following  formula  is  used  to  predict  the  units 
short: 

Onits  Short  =  S  p  ^ 

The  predicted  units  short  is  constrained  to  be  greater  than 
zero,  but  less  than  or  equal  to  the  average  quarterly 
demand,  to  prevent  absurdities  from  entering  the  statistics. 
Similarly,  requisitions  satisfied  is  the  difference  between 
the  quarterly  demand  frequency  and  the  requisitions  short. 
The  requisitions  short  is  computed  by  dividing  the  units 
short  by  the  average  requisition  size. 

After  each  candidate  has  been  evaluated  by  the  model  to 
determine  its  load  list  quantity  and  the  associated 
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statistics,  a  final  computation  of  effectiveness  is  made. 
Net  unit  and  requisition  effectiveness  are  calculated  by 
dividing  the  total  units  and  requisitions  satisfied  by  the 
total  demand  quantity  and  frequency,  respectively,  for  load 
list  items.  Gross  unit  and  requisition  effectiveness  are 
similarly  computed  except  that  non^load-list  demands  are 
also  included.  If  the  net  requisition  effectiveness  meets 
the  85  percent  goal  then  the  optimal  load  list  quantities 
have  been  determined.  If  requisition  effectiveness  is  less 
than  85  percent  then  a  nev  risk  parameter  smaller  than  the 
last  X  is  picked  (i.e.  less  risk),  and  the  model  is  rerun 
for  all  candidate  items.  If  effectiveness  is  significantly 
more  than  85  percent,  then  too  much  money  is  being  spent  for 
the  desired  effectiveness,  and  the  load  is  reduced  by 
picking  a  larger  X  (i.e.  more  risk).  Each  successive  run  of 
the  model  is  analyzed,  and  the  risk  parameter  is  changed 
until  the  predicted  effectiveness  is  within  tolerance  of  the 
desired  effectiveness. 
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IV.  ANALYSIS  OF  THE  1977  AD/AR  TARSLI  INVENTORY  MODEL 


A.  THE  BASIC  TARSLL 


The  first  step  in  analyzing  the  1977  TARSLL  was  to 
develop  the  basic  load  list.  A  detailed  flow  chart  of  the 
TARSLL  conputer  program  obtained  from  FMSO  was  used  to 
develop  a  FORTRAN  program  of  the  TARSLL  model.  In  addition 
to  the  normal  range,  dollar  value,  and  effectiveness 
statistics  normally  output,  the  program  was  modified  to 
provide  the  distributions  of  essentiality,  average  quarterly 
demand  (A^O)  ,  average  requisition  size  (ARS)  ,  cost,  and  load 
list  quantity.  The  input  to  this  program  was  obtained  from 
SPCC's  files  and  included  the  parameter  values  and  input 
tapes  of  the  candidate  items  used  to  run  the  1977  TARSLL. 
The  results  given  in  Appendix  A  were  obtained  from  a  run  of 
the  program.  The  load  list  range  of  13,217  line  items  and 
value  of  S760,671  are  comparable  to  the  final  1977  TARSLL 
that  went  to  the  fleet.  Of  interest  is  the  fact  that  no 
quantity  overrides  were  applied  to  any  items.  Also  the  85 
percent  effectiveness  criterion  was  not  met  (see  Figure  1) . 
This  presented  no  problem  for  this  analysis  since  this 
TARSLL  serves  only  as  a  baseline  of  comparison  for  other 
models.  Another  interesting  feature  of  the  output  is  the 
observation  that  the  distributions  of  AQD,  ARS,  cost,  and 
depth  all  decayed  at  an  exponential  or  greater  rate.  To 
accomodate  this  the  logarithms  of  the  quantities  were  used 
for  graphing  purposes  (see  Appendix  A) .  Other  aspects  of  the 
output  statistics  will  be  discussed  as  they  apply  to 
different  changes  in  the  model. 
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B.  ACTUAL  EFFECTIVENSSS  COMPUTATIONS 

To  deternine  the  true  effectiveness  of  the  1977  TABSLL, 
and  to  evaluate  the  effects  of  various  changes  to  the  Dodel, 
24  months  of  demand  history  from  the  MLSF  data  file  were 
retrieved.  The  data  was  for  the  period  October  1977  to 
September  1979,  and  included  all  of  the  demand  data  for  the 
5  currently  active  AD's  and  the  only  currently  active  AR  in 
the  Atlantic  fleet.  For  the  effectiveness  computations  the 
24  months  of  data  were  divided  into  22  consecutive 
overlapping  quarters,  i.e.  September,  October,  November  1977 
was  the  first  quarter;  October,  November,  December  1977  was 
the  second  quarter;  November,  December  1977,  January  1978 
was  the  third  quarter;  etc.  Each  of  the  six  load  list  ships 
carried  the  same  load,  and  no  allowance  was  made  for 
demand-based  changes  to  the  load  list.  The  load  list  was 
considered  to  be  100  percent  on  board  at  the  beginning  of 
each  quarter  and  was  not  resupplied  during  the  quarter.  This 
was  done  to  simulate  the  90  day  wartime  environment.  Net  and 
gross  unit  effectiveness  and  net  and  gross  requisition 
effectiveness  were  computed  for  each  of  the  22  quarters  for 
each  tender  or  repair  ship.  These  were  then  averaged  to  give 
the  fleet  effectiveness  by  quarter.  Unit  effectiveness  is 
the  simple  average  of  the  number  of  units  satisfied  by  a 
tender  or  repair  ship  in  a  three  month  period  divided  by  the 
number  of  units  demanded  in  the  same  period.  For  net 
effectiveness,  only  demands  for  items  on  the  TARSLL  are 
included  in  the  computations,  whereas  for  gross 
effectiveness  all  demands  are  counted.  In  computing 
requisition  effectiveness,  each  data  element  is  considered  a 
requisition,  and  a  requisition  which  is  only  partially 
filled  is  considered  not  filled.  Requisition  effectiveness 
is  then  computed  as  the  ratio  of  requisitions  filled  divided 
by  the  total  requisitions  in  a  three  month  period. 
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The  first  item  of  interest  to  be  examined  in  the  output 
of  the  historical  effectiveness  computations  (see  Appendix 
B)  was  the  relative  effectiveness  of  the  load  list  on  the 
five  tenders  and  one  repair  ship.  No  single  tender  was 
better  or  worse  across  all  four  measures  of  effectiveness 
than  the  other  tenders.  The  repair  ship,  however,  was  worse 
in  all  measures  than  each  tender,  averaging  about  ten 
percent  below  the  mean.  Even  so,  the  total  variation  in 
effectiveness  was  small.  The  standard  deviation  was  less 
than  3  percent  for  net  effectiveness  and  less  than  5  percent 
for  gross  effectiveness.  These  results  held  for  all 
effectiveness  computations  for  all  variations  of  the  TARSLL 
model.  Therefore  only  the  fleet-wide  summary  statistics  will 
be  used  in  subsequent  comparisons  of  different  models. 

The  effectiveness  results  were  also  examined  to  see  if 
there  was  a  serious  degradation  in  effectiveness  over  time. 
It  was  obvious  that  some  degradation  was  occurring  over  the 
two-year  period,  but  the  amount  was  less  than  5  percent 
across  all  measures  of  effectiveness  (see  Appendix  B) .  This 
indicates  that  the  current  policy  of  developing  a  new  TARSLL 
every  3  years  is  adequate  to  provide  the  desired 
performance. 

The  last  analysis  considered  the  interrelationships 
among  the  four  measures  of  effectiveness,  and  the 
relationship  between  the  predictions  made  by  the  TARSLL 
program  and  the  four  actual  measures  of  effectiveness.  As 
expected,  the  net  effectiveness  measures  were  significantly 
higher  than  the  gross  effectiveness  measures,  and  unit 
effectiveness  was  better  than  requisition  effectiveness.  All 
of  the  effectiveness  measures  were  within  5  percentage 
points  of  the  predicted  values  except  net  requisition 
effectiveness  (see  Figure  1) .  These  results  were  not  too 
surprising  although  the  actual  net  unit  effectiveness  was 
closer  to  the  predicted  value  than  had  been  expected,  based 


on  the  t/pe  commaader 's  comments.  The  closeness  of  the 
predicted  and  actual  effectiveness  measures  indicates  that 
the  composition  of  the  1977-1979  data  is  similar  to  the  two 
years  (1975-1976)  of  data  used  to  develop  the  TARSLL.  The 
big  surprise  was  the  size  of  the  difference  between  actual 
and  predicted  net  requisition  effectiveness.  The  difference 
of  almost  20  percentage  points  indicates  that  net 
requisition  effectiveness  may  not  be  a  good  goal  for  the 
model.  This  will  be  investigated  further  as  different  models 
are  applied. 

C.  ESSENTIALITY  DETERMINATION 

The  first  change  to  the  model  to  be  investigated 
concerns  the  determination  of  essentiality.  As  described 
previously,  the  1977  TARSLL  used  the  AQD  for  essentiality 
for  all  items  with  a  demand  history  and  used  an  essentiality 
factor  between  0  and  1  computed  from  the  Military 
Essentiality  Codes  for  all  other  items.  The  proposed  change 
is  to  use  the  predicted  AQD  as  the  measure  of  essentiality 
for  all  items.  Since  the  BRF  method  was  not  considered  as 
reliable  an  estimate  of  future  demand  as  historical  data,  a 
larger  risk  of  stockout  was  allowed  for  items  without 
historical  demand.  This  was  accomplished  by  using  the 
smaller  essentiality  factor  computed  from  the  MEC's.  Because 
essentiality  appears  in  the  denominator  of  the  risk 
equation,  a  decrease  in  its  value  increases  the  risk  of 
stockout.  An  analysis  of  the  MLSP  data  (see  Appendix  C) 
reveals,  however,  that  for  the  majority  of  the  items, 
historical  demand  may  be  no  better  an  estimate  of  future 
demand  than  the  BRF  computation.  Almost  half  of  the  MLSF 
items  appeared  only  once,  and  77  percent  appeared  3  times  or 
less.  This  low  demand  frequency  over  a  two  year  period  makes 
the  problem  of  predicting  the  number  of  demands  in  a  period 
very  difficult.  With  the  increased  confidence  in  the  BRF 
recently  shown  by  SPCC,  the  essentiality  factor  was  changed 


to  the  AQD  for  all  candidate  items  for  the  1980  TARSLL.  This 
increased  the  essentiality  for  items  without  historical 
demand  from  an  average  value  of  .67  (see  Appendix  A)  to  over 
1.5  (forced  by  the  range  cut).  The  resulting  decrease  in 
risk  will  increase  the  depth  of  items  with  high  predicted 
demand  and  reduce  the  number  of  maximum  risk  constrained 
items.  The  result  should  be  increased  net  effectiveness. 
When  this  change  is  made  to  the  model,  the  cost  of  ER  items 
increases  from  $375,744  to  $435,236,  and  the  distribution  of 
the  depth  of  the  load  list  items  shifts  upward  (see  Appendix 
D) .  The  number  of  ER  items  with  a  maximum  risk  constraint 
decreased  from  2778  to  1863,  but  the  number  of  minimum  risk 
constrained  items  increased  from  1237  to  2899,  confirming 
the  general  risk  shift  due  to  the  essentiality  change.  A 
total  of  22,792  units  were  added.  The  predicted  unit 
effectiveness  showed  modest  increases  of  3  to  5  percent  (see 
Figure  2).  Requisition  effectiveness,  however,  showed  large 
gains,  with  net  requisition  effectiveness  increasing 
dramatically.  Of  course  the  key  question  is  whether  the 
actual  effectiveness  showed  a  corresponding  increase. 
Unfortunately  this  was  not  the  case,  as  all  four  of  the 
effectiveness  measures  increased  only  slightly.  IThus  the 
small  increase  in  depth  and  dollar  cost  from  this  change 
does  not  significantly  improve  actual  effectiveness.  It 
does,  however,  bring  the  requisition  effectiveness 
predictions  much  closer  to  the  actual  figures. 

Figure  2 

1977  TARSLL  E  =  AQD 

Predicted  Actual  Predicted  Actual 

Net  Unit  78.66  78.63  83.77  78.69 

Gross  Unit  66.32  59.17  69.99  59.21 

Net  Regn  42.72  61.61  71.78  62.05 

Gross  Seqn  38.90  34.02  62.31  34.25 

D.  IMPACr  OF  THE  K3  FACTOR 

The  next  change  to  be  investigated  was  the  change  of  the 
K3  factor  from  .33  to  .6.  K3  is  used  in  the  BRF  method  of 
computing  AQD  to  indicate  the  percent  of  items  installable 
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at  no  lower  than  the  tender  level  that  are  likely  to  be 
installed  by  a  tender  or  repair  ship.  The  value  of  .33  was 
chosen  when  tenders  and  repair  ships  had  separate  load 
lists.  Since  tenders  are  one  of  three  activities  (tenders, 
repair  ships,  and  shipyards)  that  can  install  the  part,  the 
likelyhood  is  .33  that  it  would  install  the  part.  With  the 
introduction  to  the  fleet  of  larger  and  more  capable 
tenders,  most  of  the  repair  ships  were  decommissioned,  and 
their  share  of  the  workload  was  split  between  the  tenders 
and  shipyards.  The  reduction  in  repair  ships  also  brought 
about  a  merger  of  the  AD  and  AR  load  lists.  When  this 
happened,  though,  the  likelihood  value  of  .33  was  not 
changed.  The  new  value  of  .6  for  K3  is  designed  to  represent 
this  merger  of  the  AD  and  AR  TARSLL's  and  the  new  split  in 
workload  between  tenders  and  shipyards.  This  change  to  the 
model,  however,  is  more  of  a  theoretical  purification  than 
an  actual  substantive  change.  The  change  resulted  in  a  small 
increase  in  the  number  of  units  carried,  and  a  corresponding 
increase  of  only  $6000  in  total  load  list  cost  (see  Appendix 
E) .  The  predicted  effectiveness  dropped  slightly  across  all 
measures  of  effectiveness,  and  actual  effectiveness  remained 
about  the  same  (see  Figure  3).  This  is  due  to  the  higher 
demand  predicted  for  most  £R  items.  Again,  there  was  a  large 
disparity  of  over  20  percentage  points  between  predicted  and 
actual  net  requisition  effectiveness. 


Net  Unit 
Gross  Unit 
Net  Rejn 
Gross  Seqn 


Figure  3 
1977  TARSLL 
Predicted  Actual 

78.66  78,63 

66.32  59.17 

42.72  61.61 

38.90  34.02 


MODEL  WITH  K3=.6 
Predicted  Actual 

77.66  78.63 

65.57  59.18 

39.83  61.61 

36.56  34.04 


E.  RANGE  DETERMINATION 

The  range  cut  had  the  greatest  affect  on  the  TARSLL. 
Without  changing  this  factor  there  can  be  no  change  in  the 
line  items  being  carried.  The  Commander,  Naval  Surface 
Forces  Atlantic  Fleet  has  specified  the  number  of  line  items 
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to  be  about  15,000.  This  nuober  is  derived  based  on  past 
experience  to  provide  an  adequate  balance  between  the  range 
of  items  carried  and  the  number  of  items  that  have  no 
demand.  This  is  also  used  to  meet  the  volume  constraints 
aboard  the  tenders  and  repair  ships.  The  range-cut  factor 
used  in  the  development  of  the  1977  AD/AR  TABSLL  was  12. 
This  means  that  an  item  had  to  have  predicted  demand  of  12 
units  in  eight  quarters  to  be  carried.  This  is  equivalent  to 
an  AQD  of  1.5.  Less  than  7  percent  of  the  EH  and  25  percent 
of  the  HER  items  satisfied  this  very  restrictive  criterion. 
The  two  options  of  interest  are  1)  a  range  cut  of  4 
(AQ0=.5);  and  2)  no  range  cut.  The  range  cut  of  4  has  been 
suggested  for  the  1980  TARSLL,  and  the  "no-range-cut"  option 
is  used  for  FBM  submarine  tenders. 

Because  a  range  cut  of  4  forces  onto  the  load  list  any 
item  with  an  AQD  greater  than  0.5,  the  number  of  line  items 
carried  nearly  doubled  to  a  total  of  25,226  items,  with 
12,215  of  these  at  a  depth  of  one.  The  distribution  of  depth 
was  essentially  unchanged  above  10  units,  with  the  total 
number  of  units  increasing  only  7  percent  (see  Appendix  F) . 
The  total  cost  of  the  load  list  also  doubled  to  over  $1.5 
million.  Interestingly,  over  85  percent  of  the  increase  in 
both  line  items  and  cost  came  from  ER  items,  with  two-thirds 
of  those  using  the  BRF  method  of  predicting  demand  (see 
Appendix  D) .  The  results  of  the  effectiveness  predictions 
were  interesting  because  net  unit  effectiveness  decreased 
while  net  requisition  effectiveness  increased  (see  Figure 
4)  ,  indicating  that  the  unit  effectiveness  for  the  added 
items  was  less  than  for  those  in  the  base  TARSLL,  but  that 
the  average  requisition  sizes  were  smaller  and  yielded 
better  requisition  effectiveness.  As  was  expected,  both 
gross  unit  and  gross  requisition  effectiveness  increased 
slightly.  Even  more  interesting  were  the  results  of  the 
actual  effectiveness  computations.  The  gross  effectiveness 
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measures  both  increased  slightly  but  the  net  effectiveness 
measures  both  decreased  slightly  (see  Figure  4) .  Therefore, 
this  range  cut  does  not  seem  justified. 

Figure  4 

1977  TARSLL  RC  =  4 

Predicted  Actual  Predicted  Actual 

Net  Unit  78.66  78.63  77.65  77.28 

Gross  Dnit  66.32  59.17  68.17  59.69 

Net  Rejn  42.72  61.61  45.07  38.01 

Gross  Begn  38.90  34.02  36.56  34.04 

There  are  two  aspects  of  the  no-range-cut  option  that 
affect  the  load  list.  The  first  is  that  items  are  not 
required  to  have  a  minimum  predicted  AQD  to  be  considered  by 
the  model  as  candidates  for  inclusion  in  the  load  list.  The 
second,  and  perhaps  more  important,  fact  is  that  no  items 
are  forced  on  the  load  list.  The  results  of  eliminating  the 
range  cut  are  startling.  A  total  of  19,915  items  are  carried 
on  this  load  list.  The  number  of  ER  items  nearly  doubled, 
but  the  number  of  NER  items  dropped  by  over  a  third.  The 
depth  of  the  line  items  carried  also  showed  a  significant 
increase  with  less  than  half  of  the  number  of  items  stocked 
at  the  level  of  one.  All  other  depths  less  than  10  had  large 
increases,  but  above  10  units  there  was  very  little  change. 

This  resulted  in  only  a  13  percent  increase  in  the  total 

number  of  units  carried.  The  greatest  change  was  in  the  cost 
of  the  load  list.  Despite  the  large  increase  in  the  number 
of  items  carried,  the  dollar  value  was  half  that  of  the  base 
TARSLL  (see  Appendix  G) ,  The  predicted  effectiveness 

improved  significantly  with  net  requisition  effectiveness 

nearly  doubling.  Actual  effectiveness  gains  were  not  so 
dramatic.  Net  requisition  effectiveness  was  the  only  measure 
which  had  an  increase  over  3  percentage  points  (see  Figure 
5).  That  net  requisition  effectiveness  went  from  a  value 
considerably  below  actual  effectiveness  in  the  base  TARSLL 
to  a  value  slightly  above  actual  in  the  no-range-cut  load 
list  is  particularly  noteworthy.  This  again  points  to  the 
unreliability  of  predicted  net  requisition  effectiveness  as 
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a  measure  of  actual  load  list  effectiveness.  Thus,  despite 
the  large  number  of  line  items  carried,  the  no-range-cut 
option  deserves  further  investigation  because  it  produces 
generally  better  effectiveness  at  a  much  lower  cost. 

Figure  5 

1977  TAfiSLL  MODEL  WITH  RC=0 

Predicted  Actual  Predicted  Actual 

Net  Unit  78.66  78.63  90.86  81.37 

Gross  Unit  66.32  59.17  67.90  59.28 

Net  Regn  42.72  61.61  80.69  76.14 

Gross  Heqn  38.90  34.02  65.55  32.40 

A  simple  modification  to  the  no-range-cut  option  would 
be  the  addition  of  a  constraint  that  requires  an  item  have 
an  AQD  of  at  least  0.5  in  order  to  be  carried.  This  is 
essentially  equivalent  to  requiring  a  range  cut  of  four 
except  that  no  items  would  be  forced  on  the  load  list,  since 
the  items  with  an  AQD  less  than  0.5  would  be  the  only  items 
eliminated  from  consideration,  the  results  of  this 
modification  should  be  a  general  reduction  in  the  number  of 
line  items  carried  without  a  significant  redaction  in 
effectiveness.  This  is  in  fact  what  happens  (see  Appendix 
H) .  The  number  of  line  items  drops  to  13,477,  just  slightly 
more  than  the  base  TARSLL  number.  The  greatest  decrease  is 
in  the  number  of  items  with  a  depth  of  one  or  two  from  4505 
to  2251  line  items.  The  total  number  of  units  also  drops  to 
only  5.3  percent  above  the  base  TARSLL.  The  total  load-list 
cost  drops  only  slightly  to  $366,755,  but  is  still  less  than 
half  the  cost  of  the  base  TARSLL.  A  quick  look  at  the  cost 
distributions  for  these  two  load  lists  explains  the 
difference.  The  cost  of  about  72  percent  of  the  items  on  the 
1977  TARSLL  was  less  than  five  dollars  each,  but  the  rest  of 
the  items  ranged  to  a  maximum  of  $34,780,  including  85  items 
over  $600  each.  In  contrast,  over  97  percent  of  this 
modified  no-range-cut  load  list  had  a  cost  of  less  than  five 
dollars  and  no  item  cost  more  than  $286.  In  comparison  to 
the  no-range-cut  option,  the  predicted  effectiveness  drops 
slightly  but  actual  effectiveness  remains  about  the  same  In 
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conparison  to  the  basic  TARSLL  model  with  a  range  cut  of  12, 
this  load  list  has  about  the  same  number  of  line  items  and 
total  units  at  less  than  half  the  cost,  yet  with  generally 


better  effectiveness  (see 

Figure  6) . 

Therefore 

this  range 

cut  modification  appears 

to  be  a  significant 

improvement 

over  the  current  range  cut 

procedure. 

Figure  6 

1977  TARSLL 

MODIFIED 

RC=0  MODEL 

Predicted 

Actual 

Predicted 

Actual 

Met  Unit 

78.66 

78.63 

90.82 

81.76 

Gross  Unit 

66.32 

59.17 

67.34 

59.11 

Net  Reqn 

42.72 

61.61 

79.62 

76.62 

Gross  fieqn 

38.90 

34.02 

63.68 

31.70 

F.  EFFECTIVENESS  CRITERIA 

As  noted 

previously. 

the  predicted  net 

requisition 

effectiveness  can  fluctuate  widely  without  corresponding 
fluctuations  in  the  actual  net  requisition  effectiveness.  A 
similar  but  more  stable  measure  of  effectiveness  is  the  net 
unit  effectiveness.  This  measure  did  not  vary  as  much 
throughout  the  many  changes,  and  its  predicted  and  actual 
values  were  fairly  close.  Net  unit  effectiveness  also  has  an 
intuitive  appeal.  Since  tender  peacetime  industrial  work 
often  involves  the  overhaul  of  equipment,  more  units  of  a 
line  item  may  be  used  than  would  be  necessary  for  the  basic 
repair  job  that  would  be  accomplished  in  a  wartime 
environment.  Also,  the  wide  variances  in  the  distribution  of 
average  requisition  size  for  the  MLSF  demand  data  (see 
Appendix  B)  indicate  that  one  requisition  may  not  be  used 
for  only  one  job.  Although  half  of  the  items  have  an  ARS  of 
5  units  or  less,  over  85  units  have  an  ARS  greater  than  600 
units  and  one  item  has  an  ARS  of  25,250  units.  Thus  unit 
effectiveness  may  be  a  better  indicator  of  load  list 
performance.  A  change  in  the  performance  measure,  however, 
necessitates  a  change  in  the  mathematical  model.  In  the 
basic  TARSLL  model  the  risk  equation  is 

p  *  XCA/E 

The  "A”  or  average  requisition  size  appears  in  the  equation 
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because  af  the  constraint  of  85  percent  net  requisition 
effectiveness.  Hith  the  change  to  the  unit  effectiveness 
oeasure,  A  disappears.  This  is  the  same  as  setting  A=1  for 
all  items,  which  is  done  for  those  items  that  use  the  BBP 
computation  to  estimate  demand.  Therefore  this  change  only 
affects  the  depth  of  those  items  with  historical  data  based 
demand  predictions.  Setting  A=1  for  the  depth  computation 
will  reduce  the  risk  and  correspondingly  increase  the  depth 
on  those  items.  The  result  is  a  large  increase  in  the  depth 
and  cost  of  these  items.  The  number  of  units  carried  jumps 
to  815,202  and  the  cost  increases  by  $640,000  to  over  $1.4 
million  (see  Appendix  I).  Actual  and  predicted  effectiveness 
increased  for  all  four  effectiveness  measures.  The  largest 
increase  was  found  in  actual  net  requisition  effectiveness 
which  increased  over  15  percentage  points  (see  Figure  7). 
Thus  a  change  in  the  measure  of  effectiveness  to  net  unit 
effectiveness  results  in  a  significant  improvement  in  all 
effectiveness  measures,  but  at  a  correspondingly  large 
increase  in  cost. 

Figure  7 

1977  TARSLL  HODEL  HITH  A=1 

Predicted  Actual  Predicted  Actual 

Net  Unit  78.66  78.63  89.01  84.68 

Gross  Onit  66.32  59.17  75.01  63.64 

Net  Reqn  42.72  61.61  46.63  76.11 

Gross  Reqn  38.90  34.02  42.46  41.93 
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y.  ALTEHSATIVE  MODELS 


A.  MODIFIED  1980  TAHSLL  MODEL 

As  mentioned  previously,  several  changes  have  been 
incorporated  into  the  1980  lAfiSLL  model.  These  aure  the  use 
of  AQD  as  the  measure  of  essentiality,  K3  equal  to  .6,  and  a 
range  cut  of  4.  To  determine  their  cumulative  effect,  these 
changes  were  incorporated  into  the  1977  TAHSLL  model.  The 
range  cut  criterion  was  modified  so  that  items  passing  the 
range  cut  were  not  forced  onto  the  load  list.  This  was  done 
because,  as  discussed  in  chapter  4,  the  normal  range  cut 
procedure  would  have  resulted  in  a  range  of  over  25,000  line 
items,  far  exceeding  the  15,000  line  item  target  set  by  the 
type  commander.  This  model  results  in  a  load  list  with 
15,166  line  items  at  a  cost  of  $444,311  (see  Appendix  J)  . 
This  40  percent  cost  reduction  from  the  1977  TAHSLL  was 
achieved  despite  a  10  percent  increase  in  the  total  units 
carried  b/  eliminating  any  item  with  a  unit  cost  over  $286. 
The  cost  distribution  for  this  model  is  nearly  identical  to 
the  modified  no-range-cut  model.  As  expected  there  are  large 
increases  in  both  predicted  and  actual  effectiveness  (see 
Figure  8).  The  predicted  effectiveness  results  were  better 

Figure  8 

1977  TAHSLL  1980  TAHSLL 

Predicted  Actual  Predicted  Actual 

Net  Unit  78.66  78.63  91.76  81.73 

Gross  Onit  66.32  59.17  71.18  59.17 

Net  Reqn  42.72  61.61  88.40  76.70 

Gross  Reqn  38.90  34.02  70.87  32.07 

than  the  results  obtained  when  each  of  the  three  changes  was 

implemented  separately.  The  results  of  the  actual 

effectiveness  computations  were  similar  to  the  modified 

no-range-cut  results.  This  is  not  surprising  since  the  only 

one  of  the  three  changes  that  had  a  significant  impact  on 

actual  effectiveness  was  the  range  cut  change.  In  light  of 


the  iapcoved  net  effectiveness  and  the  significantly  lower 
cost  of  this  model,  the  changes  appear  warranted. 

B.  FBH  SUBMARINE  TENDER  MODEL 

Tenders  supporting  FBM  submarines  (AS-FBM)  use  a  model 
that  is  slightly  different  from  the  1977  TARSLL  model.  Two 
differences  that  have  already  been  discussed  are  the  use  of 
AQD  for  determining  essentiality,  and  the  use  of  no  range 
cut.  A  third  difference  is  the  use  of  the  Poisson 
distribution  to  represent  demand  for  items  with  a  low  AQD. 
The  Poisson  distribution  is  commonly  used  in  inventory 
models  to  represent  independent  demands  occurring  at  a 
constant  rate.  In  inventory  situations  at  SPCC,  the  Poisson 
distribution  is  only  used  up  to  a  demand  of  10  units  because 
of  the  computational  problems  resulting  from  the  iterative 
process  used  to  determine  the  probability  of  demand.  Above 
10  units  the  normal  distribution  is  used  with  the  central 
limit  theorem  offered  as  justification.  The  no-range-cut 

procedure  was  modified  to  allow  for  consideration  only  of 

items  with  AQD  greater  than  0.5.  This  is  the  same 

modification  that  produced  significant  improvement  in  the 
1977  TARSLL.  It  also  results  in  the  same  range-cut  criterion 
that  was  used  in  the  1980  TARSLL  model  examined  above.  This 
makes  analysis  of  the  effects  of  the  Poisson  distribution 
easier,  since  now  the  only  difference  between  the  AS-FBM 
model  and  the  1980  TARSLL  model  discussed  above  is  the  use 
of  the  Poisson  distribution.  The  use  of  the  Poisson 
distribution  produced  unusual  results  (see  Appendix  K) . 
Compared  to  the  1980  TARSLL,  the  AS-FBM  model  had  a 

significant  increase  in  the  number  of  line  items  to  16,225. 
The  total  number  of  units,  however,  decreased  slightly  to 
685,010.  This  was  due  predominantly  to  a  substantial 
reduction  in  the  number  of  items  with  a  depth  of  between  20 
and  40  units,  and  an  increase  in  the  number  of  items  with  a 
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depth  of  up  to 
units,  the  load 
resulted  from 
including  one 


five  units.  Despite  the  decrease  in  total 
list  cost  increased  by  25  percent.  This 
carrying  aany  more  high  priced  items, 
that  cost  $34,780.  The  effectiveness 
predictions  improved  slightly  in  all  areas  except  net  unit 
effectiveness,  which  remained  essentially  the  same  (see 
Figure  9).  Actual  effectiveness,  however,  had  the  reverse 
trend.  Gross  requisition  effectiveness  ,  which  had  the 
largest  predicted  increase  of  nearly  5  percentage  points, 
was  the  only  measure  to  show  an  increase  in  actual 
effectiveness.  The  greatest  decline  was  the  over  5 
percentage  point  drop  experienced  by  net  requisition 
effectiveness,  which  indicates  that  the  predictions  obtained 
using  the  Poisson  distribution  are  misleading  cind  do  not 
represent  the  demand  as  well  as  the  normal  distribution. 
Thus,  despite  higher  cost,  this  model  does  not  perforin  as 
well  as  the  modified  1980  TARSLL. 


Net  Unit 
Gross  Qnit 
Net  Reqn 
Gross  Seqn 


Figure 

AS-FBM  MODEL 
Predicted  Actual 

91.75  80.04 

73.08  58.96 

90.02  69.03 

75.59  32.79 


1980  TARSLL 
Predicted  Actual 

91.76  81.73 

71.18  59.17 

88.40  76.70 

70.87  32.07 


C.  GAMMA  DISTRIBUTION  MODEL 

An  alternative  distribution  that  has  greater  flexibility 
in  fitting  empirical  distribution  curves  is  the  gamma 
distribution.  Using  this  distribution  in  the  1980  TARSLL 
model  has  a  major  impact  on  the  size,  cost,  and 
effectiveness  of  the  load  list  (see  Appendix  L) .  The  number 
of  line  items  carried  is  reduced  to  13,704  and  the  total 
number  of  items  carried  is  reduced  to  616.616. 
Correspondingly,  the  dollar  value  of  the  load  list  is 
reduced  to  $330,514.  Unfortunately,  the  predicted  and  actual 
effectiveness  measures  are  also  significantly  lower  than  the 
1980  TARSLL  effectiveness  values  (see  Figure  10) .  Thus  the 
gamma  distribution  does  not  appear  to  provide  significantly 


better  results  than  the  norsal  distribution.  The  gamoa 
distribution  is  also  more  difficult  to  implement,  increasing 
the  computer  time  required  to  generate  the  load  list  by 
nearly  50  percent. 


Figure  10 

MODEL  WITH  GAMMA  DIST  1980  TARSLL 


Predicted 

Actual 

Predicted 

Actual 

Net  Unit 

81.31 

77.13 

91.76 

81.73 

Gross  Unit 

63.56 

56.17 

71.18 

59.17 

Net  Reqn 

78.10 

68.13 

88.40 

76.70 

Gross  Reqn 

63.05 

29.09 

70.87 

32.07 

One  reason  why  neither  the 

Poisson  nor 

the  gamma 

distribution 

improves  the 

load-list  effectiveness  may  be 

that  the  distribution  is  being  fit  to  the  wrong  data.  The 
constraint  on  the  basic  TASSLL  model  is  net  requisition 
effectiveness  of  85  percent.  However,  the  distributions  are 
being  applied  to  the  unit  demand.  The  ARS  factor  is  then 
applied  to  convert  the  unit  demand  data  to  requisition 
demand  data.  The  proper  procedure  would  be  to  fit  the 
distribution  to  the  actual  demand  frequency  data.  An 
alternative  to  this  is  to  use  a  model  that  has  unit 
effectivenes  as  its  objective. 

D.  UNITS  SATISFIED  MODEL 

A  completely  different  approach  to  the  model  is  to 
maximize  the  unit  demand  satisfied,  subject  to  a  budget 
constraint.  Since  there  is  no  formal  budget  constraint  on 
the  AD/AR  TARSLL,  the  value  (K)  of  the  modified  1980  TARSLL 
is  chosen  for  comparison  purposes.  This  model  can  be 
expressed  mathematically  as: 

Maximize  ^  Oi  -  Vi 

Subject  to  ^  Ci  Zi  -  K 

As  with  the  basic  TARSLL  model,  this  problem  is  solved  using 
a  Lagrange  multiplier  approach.  Assuming  a  normal 
distribution  for  demand,  the  following  equations  are 
obtained: 
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1 .  Zi  =  Oi  ♦  (9*Ci)  Si 

2.  i  Ci-Zi  -  K 

Equations  1.  and  2.  must  be  solved  simultaneously  for  Zi  and 
0.  This  leads  to  the  same  iterative  solution  procedure  used 
for  the  basic  TAHSLL.  The  only  difference  is  that  now  the 
risk  equation  is  p=  XC  where  >.=0.  The  ''A”  term  has  dropped 
out  of  the  TAaSLL  risk  equation  because  units,  not 
requisitions,  satisfied  is  being  maximized.  Similarly,  the 
"E"  term  has  been  delated  because  there  is  no  essentiality 
weighting,  i.e.  one  unit  demand  satisfied  is  as  good  as 
another.  If  unit  effectiveness  were  maximized,  the  only 
difference  would  be  a  constant  term  representing  the  total 
demand.  The  same  results  could  have  been  obtained  by 
starting  with  the  objective  function  to  minimize  total  load 
list  cost,  subject  to  the  constraint  that  net  unit 
effectiveness  be  greater  than  85  percent.  For  comparison 
purposes,  this  model  was  implemented  by  changing  the  risk 
equation  in  the  1980  TA2SLL  model  above  to  p=  X* C  and 
rerunning  the  program.  For  want  of  anything  better,  the 
value  of  the  risk  parameter  was  not  changed  even  though  the 
two  parameters  do  not.  have  the  same  interpretation.  As 
expected,  the  results  were  not  optimal.  The  cost  of  this 
load  list  was  less  than  two-thirds  the  cost  of  the  modified 
1960  TARSLL  (see  Appendix  H) .  Even  so,  predicted  and  actual 
effectiveness  were  not  much  worse  than  the  1980  TARSLL  (see 
Figure  11)  .  Each  of  the  actual  unit  effectiveness  measures 
was  only  about  one  percentage  point  lower.  The  seven 
percentage  point  shortfall  in  each  of  the  requisition 
effectiveness  measures  caused  a  little  more  concern,  but  the 
outlook  for  significant  gains  was  encouraging.  There  was  one 
major  drawback,  however:  the  load  list  range  of  16,382  items 
was  already  considerably  above  the  15,000  goal  set  for  the 
TAHSLL,  and  the  total  units  of  711,678  was  only  slightly 
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less  than  the  njmber  on  the  1980  TARSLL.  Therefore,  despite 
its  significantly  lower  cost,  this  alternative  did  not 
satisfy  the  type  coanander’s  criteria  as  well  as  the 
Bodified  1980  TARSLL  aodel. 

Figure  11 

OMITS  SAT  WODSL  1980  TAfiSLL 

Predicted  Actual  Predicted  Actual 

Met  Unit  90.12  80.52  91.76  81.73 

Cross  Unit  68.05  53.47  71.18  59.17 

Met  Rejn  79.85  69.58  88.40  76.70 

Gross  Segn  63.54  25.97  70.87  32.07 

E.  UNIT  EFFECTIVENESS  MODEL 

The  last  alternative  to  be  explored  was  the  application 
of  the  net  unit  effectiveness  measure  to  the  modified  1980 
TARSLL  aodel.  As  described  in  chapter  4,  the  use  of  the  unit 
effectiveness  measure  requires  setting  A=1  in  the  risk 
equation.  When  this  is  done,  and  the  program  rerun, 
impressive  increases  compared  to  the  base  1980  TARSLL  are 
obtained  in  both  predicted  and  actual  effectiveness  (see 
Figure  12) .  it  should  be  noted  that  these  actual 
effectiveness  results  are  similar  to  those  obtained  when 
this  change  is  made  to  the  1977  TARSLL  model.  These 
effectiveness  improvements  are  accompanied  by  a  significant 
increase  in  the  size  and  dollar  value  of  the  load  list  (see 
Appendix  N)  .  At  17,792  line  items  and  885,655  total  units, 
this  alternative  load  list  is  much  larger  than  either  the 
1977  unit  effectiveness  load  list  or  the  basic  1980  TARSLL. 
The  cost  of  $1.1  million  is  over  20  percent  less  than  the 
cost  of  the  comparable  1977  model,  but  is  still  over  twice 
the  cost  of  the  1980  TARSLL. 

Figure  12 

Unit  Effectiveness  1980  TARSLL 

Predicted  Actual  Predicted  Actual 

Met  Unit  96.95  84.46  91.76  81.73 

Gross  Unit  80.53  63.90  71.18  59.17 

Met  Reqn  90.13  81.43  88.40  76.70 

Gross  Reqn  76.51  41.44  70.87  ^32.07 

An  interesting  question  is  whether  the  large  increases 

in  the  number  of  items  and  the  dollar  value  are  required  to 

obtain  the  additional  effectiveness.  To  answer  this  question 
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the  unit  effectiveness  modification  to  the  1980  TARSLL  was 
rerun  with  a  larger  risk  parameter.  The  result  was  a 
significant  reduction  in  the  number  of  line  items  to  only 
9271,  but  the  total  number  of  units  decrease  only  slightly 
to  764,941  (see  Appendix  0).  This  was  caused  by  the 
elimination  of  a  large  number  of  items  with  a  depth  of  one 
or  two.  Although  the  load-list  cost  is  reduced  by  over  50 
percent  to  $465,605,  it  is  still  slightly  more  than  the  cost 
of  the  1980  TARSLL.  Actual  effectiveness  decreases,  however, 
were  minimal  (see  Figure  13) .  Thus  this  model  provides 
significantly  better  net  effectiveness  than  the  1980  TARSLL 
model  at  only  a  slight  increase  in  cost. 

Figure  13 

Onit  Effectiveness  1980  TARSLL 

Predicted  Actual  Predicted  Actual 

Net  Unit  94.54  84.06  91.76  81.73 

Gross  Unit  70.83  60.18  71.18  59.17 

Net  Regn  80.73  77.98  88.40  76.70 

Gross  seqn  57.55  25.54  70.87  32.07 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  foregoing  analysis  of  the  1977  AD/AR  TAHSLL  examined 
the  mathematics  of  the  load  list  model  and  investigated 
proposed  changes  to  the  model.  The  conclusions  to  be  drawn 
from  this  analysis  can  only  be  made  with  respect  to  the  1977 
AD/AR  TAHSLL.  Recommendations  to  implement  certain  of  these 
changes  on  the  1980  and  subsequent  AD/AR  TABSLL's  are  based 


on  the  conclusion  that  the  demand  data  base  is  reasonably 
stable.  This  was  evident  from  the  minimal  degradation  of 
effectiveness  over  the  two  years  of  demand  data  and  the 
closeness  of  predicted  and  actual  effectiveness 
computations.  This  stability  also  justifies  the  creation  of 
a  new  load  list  every  three  years. 

The  change  to  the  use  of  the  AQD  as  the  measure  of 
essentiality  for  all  items  has  a  marginal  impact  on  the  1977 
AD/AH  TAR3LL.  There  was  a  modest  increase  in  the  size  and 
dollar  value  of  the  load  list.  This  was  accompanied  by  an 
increase  of  less  than  one  percentage  point  in  each  of  the 
four  actual  effectiveness  measures.  The  increase  in  the  K3 
factor  from  .33  to  .6  has  minimal  impact  on  the  load-list 
size,  cost  and  effectiveness.  Although  the  change  is  merely 
a  theoretical  purification  of  the  TARSLL  process  it  is 
justified.  The  current  range-cut  process  is  too  restrictive 
and  reduces  the  effectiveness  of  the  mathematical  inventory 
model.  The  proposed  range  cut  of  four  demands  in  two  years 
produces  a  load  list  that  is  twice  as  large  and  expensive  as 
the  1977  TARSLL.  However,  even  with  these  increases,  net 
effectiveness  decreases.  Elimination  of  the  range  cut 
provides  significant  improvements  in  cost  and  effectiveness, 
but  the  range  of  the  load  list  is  too  large.  Adding  the 
criterion  that  predicted  demand  must  exceed  four  demands  in 
two  years  for  an  item  to  be  considered  by  the  model  reduces 
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tha  load  list  to  the  desired  size,  without  significantly 
affecting  effectiveness.  The  implementation  of  the 
essentiality,  K3  factor,  and  range  cut  changes  into  the  1977 
AD/AR  TARSLL  resulted  in  dramatic  improvements.  The  net 
effectiveness  measures  improved  significantly,  while  the 
cost  was  reduced  by  40  percent.  Therefore,  these  changes 
should  be  implemented  in  the  1980  AD/AR  TARSLL. 

The  use  of  different  distributions  to  represent  demand 
did  not  result  in  any  major  improvements  over  the  use  of  the 
normal  distribution.  The  use  of  the  Poisson  distribution 
produced  a  larger  and  more  costly  load  list  with  lower 
actual  effectiveness.  The  gamma  distribution  produced  a  load 
list  with  lower  cost,  but  also  with  correspondingly  lower 
effectiveness.  Without  major  improvements  in  either  cost  or 
effectiveness,  the  ease  of  application  of  the  normal 
distribution  makes  its  use  preferable.  Therefore,  the 
continued  use  of  the  normal  distribution  is  recommended  for 
the  1980  AD/AR  TARSLL. 

The  two  basic  changes  to  the  model  itself  were  both 
promising.  The  units-satisf ied  model  had  a  lower  cost  than 
the  1980  TARSLL  model,  but  its  effectiveness  was  not  as 
good,  and  the  number  of  line  items  already  exceeded  the  goal 
of  the  type  commander.  The  total  number  of  units,  however, 
was  less  than  the  total  units  on  the  1980  TARSLL  model.  The 
unit  effectiveness  model  had  exactly  the  reverse  situation. 
It  had  a  low  number  of  units,  but  a  high  total  unit  count. 
Consequently,  it  had  a  higher  cost  than  the  1980  TARSLL.  It 
also  had  better  actual  effectiveness.  The  unit  effectiveness 
model  is  preferable  because  of  the  fewer  number  of  line 
items.  It  should  be  considered  as  a  replacement  for  the 
current  AD/AR  TARSLL  model. 
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APPENDIX  A 

1977  AD/AR  TARSLL  STATISTICS 
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1977  AD/AR  TARSLL  EFFECTIVENESS 
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cD 

MANDATORY 

0 

0 

0 

MAX  QTY 

0 

0 

0 

MIN  QTY 

0 

0 

0 

DELETE 

0 

0 

0 
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STATISTICS  FOR  MODEL  WITH  K3=Q.6 


LCUJ  list  TI  Vc  ;  ss  ^tln'jti: 


3  TR 

iM  fc  r  J  i'-i  1 T 

o^  jss  j‘ I  r 

■:2r  2cjN 

1 

0. 3010 

0.  596  J 

0 . 6  6  3  7 

2 

0.3072 

j  .  6  0  5  > 

).  63  61 

3 

0.3196 

J. j2 1  1 

o  J  )  0 

4 

0.3066 

/ .  o  2  9  0 

5'.  o  ■+  0 1 

5 

0  .  32  9  7 

9.6577 

j.  63  70 

6 

0. 3  )J  J 

0.b2  17 

.<•^120 

7 

0. 7  y5  ) 

j.  i  20  5 

) .  6- 1  7  v 

c? 

0. SO  7  7 

9  .  t3  6  ■■) 

/ .  '.'3  0  7 

9 

0.  7  05  2 

).  Obi  7 

J  .  'J  b  3 

10 

0  .  7  b  3  0 

:.  9  7  7j 

) .  5  3  ,6  2 

11 

0  .  75  .)  f) 

).  9J  79 

;.  .'2  1  + 

12 

•J .  7  5  5  + 

C  .  3  4  ij  J 

j  .0  2  13 

1  3 

0.  79  7  3 

)  •  y 

0  .  2  9.- 

14 

j.  7593 

•J  •  :>  > ''  j 

0  .  _  ■}  0  1 

15 

0.  77.0 

-J  ♦ 

’ .  J  S  7  9 

16 

J.  7b53 

.»  •  -  2.  -• 

j  .  ■  ]  3  1 

17 

j .  7  39  4 

j  .  / 1  +  < 

j  ,  .)  5  +  ■) 

1  6 

0. /7o  7 

).  5  7  7  7 

0.  3 

19 

J.  3  )-*2 

>  .  0  -) 

'.»  •  i  .)  1' 

20 

0  .  79  9  'J 

J  .  0 , 5  ) 

9 .  o  O  Sb 

21 

J . 7001 

0.  5  -/‘.i  7 

3 .  1 5 " 

22 

J .  7-+5  i 

0.  bSS  7 

) .  5  5  1  9 

'3  PAN 

■J  .  7  b  C  J 

)  .5  ’  H 

0  .  ‘■  0..  61 

S  .JfcV 

0.0234 

^ .  04  3+’ 

0.  32  37 

FLC’ET 

.J:j  S  '..'n 

0.3  7  6  b 
J.  J  i  j  5 


0  «  J 
0 . 3 

J .  3  3  :>  » 
0  ,  *  J  -)  2 
0  »  3  <  -j 
J  .  '3  n  ■*•  0 
0.  3  -*21 

j  .  j>  b  >  b 

J  .  j  j  4  2 
J.  3  I  12 
J.  2  i  3o 
J .  2  3  ’ : 
.J.2  7  /o 
3.-17  K 
j.2  3/3 
0.2/73 

■j  .  2  '  •  '■<  1 

3.23+2 

J .  0  t.)  -* 

J .  J  +  7  3 
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APPENDIX  F 


STATISTICS  FOR  MODEL  WITH  RC=4 


TkSLL  LC/IC  ll£l  CLTFUT  ST/TISTICS 


Lt  =  C.iS^ 

LN  = 

C.  IS<  T  = 

1 .C  K 1 3  =  1. 

CA\cir.  ^Tfcs 

FEL 

EF 

tctal 

l<t£l 

i3‘;cc  I 

15A256 

LL  r>ANC-t 

205  22 

25226 

LL  \(ALLE 

7t  . 

1C6  ?147. 

15  52625. 

ALCS  TC  LL 

2C5  2  2 

25226 

aCOS  \,4LUE 

1067  IA7  . 

1552625. 

0 

GFLtrf-5  ft*  LL 

C 

c 

LfcLtltS  VilLUE 

c . 

C. 

c. 

F  G  !■<  (-  c  C  G  L  L 

i5t  1 

H  c  E  2 

1 1384 

CCi\S1  i^/!I  Nfcb  CT  y 

C 

?C  A 

7C4 

EFFECT  I 

VENESS 

CATA 

U.'iliS  SAT 

1 3  c ;  i  s . 

6t  1  >52 . 

148661. 

HECN  b^T 

i.  2  i  ^  m 

1  tl  2  6  C  . 

20464. 

DNG  LL 

i  f  S  ^  A  . 

IGC7‘;C  . 

256237  . 

KLL 

2  i  ~i  2  • 

70CC. 

35636. 

ALL 

241676. 

FritC  LL 

AC  12  . 

A  1A36  . 

4  5  A  4  6  . 

ALL 

1  2  <  i  • 

BA  d  . 

2  125. 

All 

Ntf  vjKII  tFF 

C.tA12 

C.67e5 

o.nt3 

GriCSS  iiM  T  EFF 

L  .  *1  1 3  A 

C .  6  2  i  3 

0.681  r 

NET  EFF 

C 

O.^AC? 

C  .  4  0  7 

ijKC  SS  FEuN  EFF 

C.  A2CC 

0. A2  16 

C.43CO 

AVERAGE 

C  fc  ^  A  A  C 

CC • Fol AT  ]CA 

^i-S^bHiLAL  GFU 

L  L 

ACS  A 

78  13 

1250  7 

ALL 

tits 

5  3  7  7 

14160 

rtt\r  FCP 

ALL 

2  6  6  7  3 

L  L 

C 

127  16 

127  17 

NLL 

( 

1 0  C  5  2  E 

1CC538 

FGr<LFij  FGST 

ALL 

113257 

L  L 

( 

C 

0 

ALL 

1C 

132A  A 

14323 

ALL 

1«  226 

NLMbEH 

GF  ITE.» 

S  RISK  CCFSTR£UEn 

MAX  KlSi^  LL 

22it 

7  7  7' 

iCC27 

ALL 

( 

C 

J 

ALL 

1CC27 

fMA  FlS.s  LL 

171 

1P62 

2064 

ALL 

C 

C 

0 

ALL 

2064 

UVERKILtS  AlFIIFC 

FANCATCbY 

1 

c 

C 

l“AX  GlY 

C 

c 

n 

M I  G  f  y 

C 

c 

0 

Ctl  ETt 

c 

( 

c 
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STATISTICS  FOR  MODEL  WITH  RC=4 


STATISTICS  FOR  MODEL  WITH  RC=4 


LOAD  LIST 

EFFECT IVENESS 

ATLANTIC 

FLEET 

QTR 

NET  UNIT 

CROSS  UNIT 

NET  REQN 

CROSS  RE  ON 

1 

0.7899 

C.6  04d 

0. 64  04 

0.4430 

2 

0. 79 j5 

0.6131 

0.6071 

0.4136 

3 

0. 8065 

0.62  79 

0 .60  96 

0.4233 

4 

0. 7925 

0.6332 

0.6077 

0.4309 

5 

C. 8197 

0.6622 

0.5100 

0.  44  34 

6 

0. 789  5 

C.633J 

0.5366 

0.  ‘t2  99 

7 

0. 7841 

0.6247 

0.5946 

0.4273 

3 

0. 79  7  7 

0.6616 

0.  6  330 

0.44  77 

Q 

0.  7363 

0  .6  56  5 

0.6330 

0.4364 

10 

J. 7570 

0.5831 

0.  6085 

0.  *♦  064 

ll 

0.  7409 

0 . 5442 

0.  5  9  09 

0.3861 

12 

C.7401 

0. 5455 

0.5914 

0.  3  3  34 

13 

0.78  22 

0.  6167 

0.  59  55 

0.  3  7  72 

14 

C.7537 

0.  57  36 

0.5650 

0.3437 

15 

0.7562 

0.5258 

0. 5445 

0.3209 

16 

0. 7+89 

0. 5298 

0.53  35 

0. 3148 

17 

0. 7425 

C.  51  84 

0,5405 

0.3128 

18 

0.  76 11 

C.  582  0 

0.5467 

0.  J 148 

I'J 

0 . 7384 

C.6067 

0.5563 

J.324U 

20 

C.  7344 

C.6097 

0.56  36 

0. 3314 

21 

0. 7436 

0.5393 

0.5448 

0.  3  3  35 

22 

0.  737  3 

C.5898 

0.5034 

0.3155 

i-lEAN 

0.7728 

0.5969 

0.  5823 

0.3801 

S  .OEV 

0.  C245 

0.0434 

0.0362 

0.0518 
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APPENDIX  G 


STATISTICS  FOR  NO-RANGE-CUT  MODEL 


T.^SLL  ICAO  list  OJTduT  STATISTICS 
LE  =  C.15'  LN  =  C.154  T  =  i.)  K13  =  1. 


Nr  R 

CD 

T)tm_ 

CANCTCATES 

1456  7 

139^91 

154258 

LL  range 

2156 

17  759 

1991  5 

LL  VAIUE 

2  16394  . 

I5B64I . 

375035. 

ACCS  TO  i-V 

2156 

1  7  759 

199  15 

ADOS  VALUE 

2 1 63  54  • 

158641. 

37 5) 35. 

CELETES  FN  LL 

D 

0 

0 

deletes  value 

1. 

0. 

0. 

FCRCED  C\  LL 

0 

T 

0 

CCNSTfiAlNEC  QTy 

0 

8  1) 

SIC 

EF^ECTlVENEiS  OATA 

UNITS  SAT 

130413. 

.T755. 

198173. 

REGN  SAT 

2026  . 

18193. 

20219. 

DNO  LL 

141082  . 

76423. 

21o 1)5. 

NLL 

41504. 

32242. 

73746. 

ALL 

29  13  50. 

FREJ  LL 

2‘*b:i  . 

22575. 

2  3  UD  8  . 

NLL 

2805. 

2961. 

578o  . 

ALL 

3  . 

iNET  UNIT  Fpp 

0.9205 

0.8  do6 

).908o 

OPQSS  UNIT  EFF 

C.71i9 

0.6  235 

J.4T9C 

NET  RECN  EPe 

0 .9160 

0.8059 

0.8  )  6  9 

GROSS  REQN  EFF 

0.3832 

0. 7  119 

0.6555 

AVERAGE 

OENANO  CCyPUTATION 

HISTGRICAI.  0*^C 

LL  2156 

42  77 

0  4  3  2 

NLL  11327 

8913 

2  024C 

ALL 

2oo7i 

RPF  X  POP 

LL  C 

13432 

13-+d2 

NLL  0 

9  9775 

99  77  5 

ALL 

113257 

FCRC50  FCST 

LL  0 

0 

0 

NLL  1084 

13244 

1^32  9 

ALL 

^32  8 

NLNdEP 

CF  I  TE'-'S  RT  SK  C  JNSTP 

A  INFO 

l«AX  FISK  LL 

0 

6 

6 

VLL 

2248 

68262 

7051  C 

ALL 

70516 

MIN  RISK  LL 

17  1 

2  998 

31o9 

NLL 

C 

1574 

1576 

ALL 

4  74  5 

OVERR  IDES  applied 

MANDATCFY 

0 

0 

0 

MAX  OTY 

0 

0 

C 

MIN  CTY 

0 

0 

0 

OEI.ETc 

0 

0 

r 
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STATISTICS  FOR  NO-RANGE-CUT  MODEL 


LGAL  LIST  EFf  fcCTUtNLii  ATLANTIC  FLEET 


U  I  K 

NE  T  UM  1 

cf  l5S  LM  1 

NET  PECN 

GfLSS  RECN 

1 

C.tJsS  1 

C.5';6' 

c.e2<;5 

C.364C 

1 

C  .  c  M  f’  4 

0.6C6C 

0.7941 

C .3457 

i 

L.ttit 

C.6235 

C.8C13 

C .3592 

u- 

U . F  36  0 

C  .  6  2  S  3 

C  .793  A 

C.3773 

D 

C  .  £  t  S  V 

C.6t  7£ 

C.7983 

C .3861 

t> 

C . a j2  b 

•  6  2  £  T 

C.779C 

C. 3677 

7 

C  .  b  2  4  7 

C  aC  2  C  4 

Z.1122 

C.3618 

0 

C  .  t  3  5  C 

0.c5  <6 

c.ac  19 

C .3733 

-1 

C  •  fi  2  6  S 

0.6513 

C.8  14  £ 

C.365e 

1  J 

C  .  3  C  0  2 

0.3776 

C .79E  7 

C.3405 

1 1 

C  .  7  2 

C  .  5  3  S  ‘ 

C. 7727 

C .3224 

C.  7  776 

0.5^16 

C .7733 

C .32  15 

13 

C. b  l42 

C.61^7 

C.773  6 

C .3 196 

W 

C  .  7  c  7  i 

o  .  5  1 C  3 

C.741  C 

C.2978 

1:; 

0. 7<;  7  7 

J .5227 

C .72  16 

C.2777 

1  & 

C,7t<i,'z 

C  .  5  2  6  c 

C.7171 

C  .2729 

1  / 

C.  7  76  5 

C.5  156 

C  .  7  1  1  7 

C.2689 

1  3 

C.  7-3-»4 

0.5>76« 

C.7146 

C  .2706 

1^ 

C. 3240 

C.6C33 

C.7227 

C.2795 

20 

Cl  •  ti  4  2  0 

0 . 6  C  6  3 

C.  726  4 

C.2E67 

2  1 

C. 7cJ  1 

C.5664 

C.7C66 

C  .2893 

22 

C  .  7  <  5  2 

C.5fct5 

C.feElT 

C.2747 

I'l  r  A  iN 

C  .  b  1 3  7 

G.3S2£ 

C.7614 

G .3240 

S.LtV 

u.Q  in 

J  .0  ^  3 C 

C.C42C 

C .C418 
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APPENDIX  H 


STATISTICS  FOR  MODIFIED  NO-RANGE-CUT  MODEL 


TkjLL  LwAJ  LIST  ST/.TISTICS 


LE  =  O.iSt  L. 

=  D.IS-.  T  -  i 

.0  K 1 3  =  1  . 

\  c  < 

rz  \ 

T  2  r  .4 

CA'i  JI  DATES 

14SS  7 

1  49  bT 1 

1  5‘t  2  b  3 

LL  WAmGE 

Zl-Jtj 

11321 

1J.V/  7 

LL  VALUE 

1533dl. 

3  T  3  7  5  5  . 

AO:)S  TG  lL 

213u 

11321 

13^77 

AOUS  VALUt 

E  1  oU  44  . 

13 J  3  bi . 

3  3  o  7  5  3  . 

JELETcS  LL 

J 

0 

U 

DELETES  value 

)  . 

.) . 

Ij  • 

FC^CFJ  GN  LL 

1 

'1 

) 

CC.NSTKA  I  <cU  U  lY 

U 

70* 

7u  + 

E  FFEC  T  I  V  E  "ic  i  j  DATA 

UMTS  SAT 

i  -^0^  I  -i  • 

^5141. 

1965  59 . 

■AE  Ji\  SAT 

>7^  D i. 

£-  .7  C  J  • 

lo  594. 

1  3o2  4  . 

J'lU  LL 

i.  -4  1  6  c  2  . 

74  7-^7. 

2  1  o  4  2  ■<  . 

NLL 

Jt. 

139  7i. 

75473. 

all 

291  9J7  . 

FRED  LL 

24.3  3. 

2  J907. 

2  3^9-). 

iNLL 

2.3J5  . 

3  J50. 

5  3  5  5  . 

ALL 

2  9  2+5  . 

NtT  U'lIT  EFr 

G.42U5 

0  .  o  3  ‘V  ■) 

0.9  3  42 

GROSS  UNIT  EFF 

•j.  7  1 19 

.)  .  40  R4 

U  .  ^  7  3  4 

NET  RtU'l  EFF 

j  .  '!  1  b  U 

0.7G3> 

0 . 7962 

GRU  S  S  R  EG  N  EFF 

J . 3332 

).  0  92'- 

0.6  3  4  0 

A  V  £  .^  A  G  E  D  c 

•L\..iU  Su  IP JTAT  KiN 

HiSrCRICAL  JN'J  LL 

213  0 

3  367 

6J2i 

NLL 

11327 

9  32  3 

2  b  5  5  ■; 

ALL 

2.>  J  7  b 

3RF  X  PUP  LL 

0 

7454 

7  4  4  4 

^LL 

.) 

1  0  5  .3  J  J 

1  J  5  5  J  6 

ALL 

1  1  32  5  7 

FCRCEU  FCST  LL 

J 

) 

«  w' 

l\LL 

104  4 

1  32  4V 

1+323 

ALL 

14  323 

'\iU>'icR  CF 

I  T  E.iS  RISK  oGNSTR 

\  1  ■<£  ) 

MAX  RISK  LL 

J 

i, 

iD 

sILL 

2248 

7  7  73 

1 J  J  2  1 

ALL 

1  J  b2 

MIN  RISK  LL 

1  71 

19  9  3 

2  J  J  ♦ 

ILL 

D 

J 

') 

ALL 

2  0  6  4 

CVERRI JES 

APPLI ED 

MANDA  TORY 

J 

) 

) 

MAX  QTY 

MIN  QIY 

0 

J 

0 

D 

) 

J 

DEL  tT E 

0 

j 

.) 
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STATISTICS  FOR  MODIFIED  NO-RANGE-CUT  MODEL 


i.  i  A  J  list 

fc  i-  T  7  2  T  I  7L '  i  r  j  S 

«TLA.\T  [C 

P  LLf  T 

TM 

ALT  vlAl  r 

j-<..iSS  '.JL  1  T 

■jCT  k  2')L 

74  jS  S  -.c'.O 

1 

J  .  J  A  0  A 

C. 3  43  2 

7.73  2o 

7  4  7  J  b  7 

j  •  i  j  i  2 

■J  7  4  7 

'J  4  7  9  h  ‘3 

7.  33  3-^ 

? 

J . Soil 

2  4  o  <+  .  <  ^ 

7  4  3  0  .7  I 

J.3  J  J3 

4 

J.  <  +  21 

j 

J.  3  JC2 

7. 3  7.).> 

b 

)  •  S  T  6  t 

)  4  5  C  J 

7  4  <732 

J.;  7''  ) 

J.  3  jS 

•7  4  l.2  72 

■7.  7  •<  3  2 

J  4  3  b  2  3 

7 

)  .  .'.5  1  ) 

<4  -'I.J 

7.  7  7.-J  + 

7  4  J  3  3  J 

< ) 

J .  ;  5  - ) 

‘  7  4  c  3  "  ■< 

•J .  .-'  7  3  ^ 

J  4  J  72  7 

3.  32. ji 

7.04  )  ^ 

'J.  316  7 

7  4  3  ->  c  / 

i  >; 

) .  .1 ..  .<■ 

'J  4  3  7  3  3 

7.  -  J2-* 

7.7311 

il 

J.  <S  + 

7  4  ?  3  73 

0.7739 

7.3  127 

u 

'J  4  /  2  1  .3 

u  4  P  7  4  < 

.>  4  7  8  1 6 

7.  3  1  J  3 

L3 

J  4  '  ’  ^  J 

0  4  7,  1  0- 

.7.  7  S07 

0.  3  1  2  7 

I't 

J  4  /  3 ;  - 

)  4  3  ;j  3;  f 

7  .  7  +  h  5 

0.  2  914 

L  ‘j 

7  4  i  j  io 

•  )  4  2  1  J 

■7.  72  6  3 

7.27  15 

U. 

2.  7‘-T,)i 

7  4  ^  2  3  S 

7.  0  7 

0.2333 

1.  7 

J  4  7  3  +  7 

). 3142 

7.7  17^ 

J  4  2  o  3  3 

L  ■> 

7  4  7  3  +  3 

^37  /•+ 

7.71  86 

0.2342 

i  4 

J  4  <272 

J  4  O  *  I  -< 

7  4  7  2  -7  1 

0.2732 

7.  324  7 

)  4  C)\J  4t3 

■J.  73  2  7 

J  4  2  7  7  6 

i 

J  4  7  3  ‘3  7 

7  4  3  3  .7 

7  4  7 1  1  - 

0.2329 

J  4  7  7  7  7 

J  4  3.  o  j 

0.3  t  ! 

0  4  o  o  3 

}■  1 

:  4  3  i  7  o 

7.3-711 

0.  7  b  o2 

7.  31  7'7 

.-V 

A  4  72  c  J 

J  4  )  +  4.  3 

.7. 24  2  7 

7;  4  J  +  lb 
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APPENDIX  I 

STATISTICS  FOR  MODEL  WITH  A=1 


T-^SLL  LOAD  LIST  OUTPUT  STATISTICS 


LE  =  C.15A 

LA  = 

C.154  T  =  1 

.0  K  13  =  1  . 

NER 

ER 

TOTAL 

CANDIDATES 

14567 

139691 

154253 

LL  range 

3557 

9660 

13217 

LL  VALUE 

385562. 

515954. 

1401516. 

ACCS  TO  LL 

3557 

9  6  60 

13217 

ACOS  VAILE 

685562. 

515954. 

140  15  16  . 

CELETES  FR  LL 

0 

r 

0 

DELETES  VALLE 

G. 

oT 

0  . 

FORCED  C^  LL 

520 

2  500 

30  2  0 

ccnstfainec  CTY 

C 

630 

68C 

effectiveness 

CATA 

UNITS  SAT 

149392. 

69132. 

21  8524  . 

RE3N  SAT 

2B74  . 

14735. 

176 10  . 

CMC  LL 

154380. 

91  lie. 

24  5493. 

ALL 

23807  . 

17011. 

458  18  . 

ALL 

29  1316. 

FFEC  LL 

3546  . 

34  2  2  2. 

31767. 

NLL 

1742. 

1963  . 

37J6. 

ALL 

41473  . 

NfT  UNIT  EFF 

0.9677 

0.7567 

0.8901 

GROSS  LMT  EFF 

C,8155 

0.6393 

0  .7  50  1 

NET  REQN  EFF 

C.8106 

0.4  3C6 

J.466  3 

GfCSS  RECN  EFF 

C.5436 

0.4072 

0.4246 

AV  ERACE 

;  CEMANC 

CCfPlJTATICN 

HISTORICAL  ONC 

LL 

3557 

4150 

7707 

NLL 

992  6 

9  040 

139  6  6 

ALL 

2667  3 

QFF  X  PCP 

LL 

0 

5510 

551C 

NLL 

0 

10  7-/4  7 

1 C7747 

ALL 

1  13257 

FCRCEC  FCST 

LL 

0 

0 

G 

NLL 

1034 

13244 

143  26 

ALL 

14328 

NLH3ER 

CF  ITEN 

S  RISK  CONSTRA  I.NtO 

MAX  RISK  LL 

42  7 

2  1  79 

2606 

ALL 

0 

0 

0 

ALL 

260  6 

MIN  RISK  LL 

143  6 

26C1 

40  39 

NLL 

0 

0 

C 

ALL 

4039 

CVERPIDES  APPLIED 

HANCATCFY 

0 

0 

0 

MAX  QTY 

0 

0 

c 

MIN  CTY 

c 

0 

C 

DELETE 

0 

0 

c 
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STATISTICS  FOR  MODEL  WITH  A=1 


LOAC  LIST 

EFFECT  IVENESS 

ATI.  ami  C 

FI  2ET 

OTk 

^FT  LNI  T 

G9JS5  'JNIT 

NTT  -JCGNJ 

r,P.JSS 

1 

C.8ol4 

0.6407 

0. 7929 

0 

2 

0.6751 

C.o55  3 

0.7786 

0 

3 

0.8824 

C.b6  84 

0. 7716 

J 

4 

0 .6642 

0.6723 

C. 7702 

c 

5 

0.8843 

0. 7003 

C.  76  04 

J 

6 

0.6605 

0.6743 

0. 744H 

0 

7 

0.3576 

0.6687 

0.7524 

0 

8 

C .6674 

C. 7057 

0.7896 

J, 

9 

0.8554 

C.70C9 

0. 7923 

0 

10 

C. 837o 

0.62bl 

0. 7741 

0 

11 

0.6216 

0.5827 

0.7699 

0 

12 

C.8212 

0.5838 

0.  7  750 

0, 

12 

0.6566 

C.o553 

0.7866 

n 

■j ' 

14 

0. 62S6 

0.6109 

0.  76  16 

0 

15 

(.6393 

C.5625 

0.7473 

0, 

16 

0. 620  7 

C  .  5643 

0.  74  16 

0 

17 

0.6188 

0.5546 

0. 7341 

J, 

18 

0.6354 

C.b2l3 

0.7415 

c 

19 

C.6625 

C. 6456 

0.  74  89 

0 

20 

0.8605 

0.65  16 

0. 7655 

0 

21 

0.8125 

0 . 62  59 

C.  74  08 

0 

22 

c.eo4i 

0. o28 1 

0. 7038 

0. 

'^EAN 

0.6468 

C.t>36‘t 

0. 76  11 

0, 

S.OEV 

0 .0237 

0. 0453 

0.0222 

c 

=^ECN 

4  510 
4412 
4531 
•♦743 
4819 
•♦783 
4  72  6 
4944 
4  74  0 
4436 
4236 
4221 
4  166 
3925 
3660 
35ee 
3486 
3513 
3633 
3  746 
3709 
3621 

41  93 

04  98 
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APPENDIX  J 


STATISTICS  FOR  1180  TARSLL  MODEL 


TRSLL  LOAD  LIST  OUTPUT  STATISTICS 
LE  =  C.i54  LN  =  0.154  T  =  1.0  K13  =  1. 


NER 

ER 

TOTAL 

CANDIDATES 

1456  7 

139691 

154258 

LL  RANGE 

2l5o 

1  3  01 0 

15166 

LL  VALUE 

216394. 

2279  17. 

444311. 

ADOS  TO  LL 

2156 

13010 

15  166 

ADDS  VALUE 

216394. 

2279  17. 

444311. 

DELETES  LL 

0 

0 

0 

DtLETbS  VALUE 

3. 

0. 

0. 

F URGED  ON  LL 

0 

0 

0 

constrained  dty 

D 

1283 

1283 

effectiveness  data 

UNITS  SAT 

U0418. 

63422. 

198840 . 

REUN  SAT 

2026. 

18895. 

2  0921. 

DM0  LL 

141682  . 

750  16. 

216698. 

NLL 

41504. 

21160. 

6  2t>64  . 

ALL 

279362  . 

FRED  LL 

2483. 

21183. 

23666 . 

NLL 

2305  . 

3050. 

58  55. 

ALL 

29520. 

NET  UNI  I  EFF 

0.9205 

3.9  121 

0.9176 

GROSS  UNIT  EFF 

0. 7119 

0.7114 

0.7118 

NET  REDN  EFF 

0.8160 

0.8920 

0.8340 

GROSS  REDN  EFF 

0.3832 

0. 7797 

0.7337 

AVERAGE  DEMAND 

COMPUTAT ION 

HISTORICAL  DM0  LL 

2156 

3867 

6023 

NLL 

11327 

9323 

20650 

ALL 

26673 

BRF  X  PGP  LL 

0 

9143 

914  3 

NLL 

0 

104191 

104191 

ALL 

1 13334 

FORCED  FCST  LL 

0 

3 

0 

NLL 

1084 

13167 

14251 

ALL 

14251 

NUMBER  OF  ITEMS 

R  ISK  constrained 

MAX  RISK  LL 

0 

6 

6 

NLL 

2248 

6667 

39  15 

ALL 

8921 

MIN  BISK  LL 

171 

3876 

40  4  7 

NLL 

0 

0 

0 

ALL 

4  047 

OVERRIDES  APPLIED 

MANDATORY 

0 

3 

0 

MAX  QTY 

0 

3 

0 

MIN  QTY 

0 

0 

0 

DELETE 

0 

0 

0 
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150. JO  JJJ.OO  »'>0.00  (.JO.O) 


STATISTICS  FOR  19l80  TARSLL  MODEL 


LOAD  LIST  eFFECTIVE'IE jS  ATLANTi:  FLEET 


4TR 

NET  J:'U  T 

OKJSS  UNIT 

NET  RE ON 

OR OSS  RE  ON 

1 

0.8462 

0.5956 

0.  332  7 

0.3538 

2 

0.8503 

0.6060 

0.  7981 

0.3394 

3 

0.8617 

0.6213 

0.  3082 

0.3533 

4 

0.8418 

0.62  75 

0.8006 

0.3723 

5 

0 . 866  0 

0. 6563 

0.8031 

0. 38  17 

6 

0.3  38  3 

3.62  74 

3.7839 

0.3644 

7 

0.3303 

0.6192 

0.7766 

0.  3  5  38 

8 

0.  3384 

0.  6563 

o.aoso 

0.3  754 

9 

0. 8283 

0.6503 

0.8168 

0.  3  604 

iU 

0. 8079 

0.5760 

0.8044 

0.3346 

11 

0. 7869 

0. 5381 

0. 7816 

0. 3167 

12 

0. 7815 

0.5403 

0.7823 

0.3171 

13 

0. 8224 

0.6111 

3. 7  8  10 

0.3160 

14 

0. 7906 

0.5691 

0.  7485 

0.  2  945 

15 

0.8017 

0.5213 

3.7286 

0.2  751 

16 

0. 7900 

0.5264 

0.7218 

0.2709 

17 

0. 7841 

0.  5149 

0.  7187 

0.2680 

18 

0. 7996 

0. 5782 

0.7201 

0.2691 

19 

0.8274 

0.602  6 

0. 7302 

0.2787 

20 

0. 3246 

0.6059 

0. 7340 

0.  2865 

21 

0. 7853 

0.5361 

0.7119 

0.28o8 

22 

0. 7772 

3.5866 

0.  6854 

0.2744 

MEAiN 

0. 3173 

0.5917 

0.  7670 

0.3207 

S  .OcV 

0.0279 

0.0423 

0.0416 

0.  3  40  4 
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APPENDIX  K 


STATISTICS  FOR  AS-FBM  MODEL 


T«SLL  LCAC  LlSl  CLIPUT  SJAIISUCS 
LE  =  G.154  LN  =  C.15A  1  =  l.C  K13  =  1. 


NEE 

EF 

TOTAL 

CANCICATES 

lA5tT 

13S691 

154258 

LL  PANGE 

26tl 

135  26 

16225 

LL  VALLE 

3C25C5. 

252S88  . 

555493. 

ACCS  TC  LL 

iEtl 

13536 

16225 

ADCS  VALUE 

3C25C‘. 

25256 £. 

555492. 

DELETES  FM  LL 

C 

C 

0 

DELETES  VALUE 

C  . 

C. 

c. 

FOAC6C  CN  LL 

C 

C 

c 

CCNSTKAINED  QTV 

c 

125C 

1250 

EFFECTIVENESS 

LATA 

UNITS  SAT 

122451. 

719C3  . 

2C436C. 

RECN  SAT 

22S(. 

2075C. 

23046. 

OMO  LL 

144654  , 

78C8C. 

222734. 

NLL 

26522. 

18361. 

56694. 

ALL 

279627. 

FREC  LL 

2S12. 

22689  , 

25602. 

NLL 

22  75. 

2511. 

4896. 

ALL 

3C48e. 

NET  UNIT  EFF 

C.S157 

C.92C9 

0.9175 

GROSS  LNIT  EFF 

C.722J 

0.7456 

C.73C8 

NET  RECN  EFF 

C.7EE2 

C.S145 

C.90C2 

GROSS  RECN  EFF 

C.42'‘2 

0.8224 

0.7559 

AVERAGE 

;  CEMANC 

CCMELIAT  ICN 

historical  CMD 

LL 

26E7 

4267 

6974 

NLL 

1  L  7  «.  6 

89C3 

19699 

ALL 

26673 

BRf  X  FCP 

LL 

c - 

—  '  9251 

9251 

NLL 

( 

104CE2 

104083 

ALL 

113334 

FORCEC  FCST 

LL 

C 

C 

0 

NLL 

1CE4 

12167 

14251 

ALL 

14251 

NUMBER 

OF  ITEM 

S  FISK  CLESTPAINEC 

MAX  RISK  LL 

262 

266 

748 

NLL 

1666 

63C7 

6173 

ALL 

8921 

MIN  RISK  LL 

I7J 

3876 

4047 

NLL 

C 

C 

0 

ALL 

4047 

OVERRIDES  APFLIEC 

MANCATCRY 

( 

C 

0 

MAX  U1Y 

C 

C 

0 

MIN  OTY 

( 

c 

0 

DELETE 

( 

c 

C 

7a 


STATISTICS  FOR  AS-FBM  MODEL 


LGAJ  LIST  IVcNtSS  ATLANTIC  FLtET 


JTR 

NET  J.JIT 

oK  js i  UN  I r 

NET  KcGN 

3 3 OSS  :1E  JN 

1 

0.3254 

0 . 5942 

0.7411 

J.3b36 

2 

0. 33oo 

0  .  o04't 

0.7199 

0.3470 

3 

J.3-»13 

0. ol9  7 

0.7277 

0.  3  6  10 

*♦ 

0 • 32 1 o 

u  .  >6  2  6  0 

0. 725o 

0.3301 

5 

0  .  c  b  3 

0. Ob  55 

0.7247 

0.3693 

6 

0.3192 

vj .  o2 67 

0. 7083 

0.  3761 

7 

0.3130 

O.oldl 

0. 7057 

0.3715 

8 

0 . 325o 

J. u551 

0.  7430 

0.  3920 

q 

0.3169 

■).64b7 

0.7511 

0.3  794 

10 

0.  Mid 

0.5751 

0.7229 

0. 3  4cj3 

11 

0. /702 

0.  536-+ 

0.  6960 

0. 3259 

12 

0 . 7ab J 

0 . 33db 

0.7006 

0.3274 

13 

C. d059 

0. oOd j 

0.7052 

0.3243 

14 

0.7747 

-J  •  5660 

0.6723 

0.  3  002 

15 

0 .  73-+  3 

0.5133 

0 . 6  5  3 

0.2  7  ^4 

lb 

0.7  7-^1 

0. 5233 

0. 6424 

0.2  735 

17 

u .  7  D  7  3 

0. 51  Id 

0.6413 

0.2701 

Id 

0. 782o 

0.5752 

0.6  4  06 

0 . 2  o  9b 

19 

C. 3094 

0.5993 

0.d521 

0.2  7  93 

20 

0. 3073 

0.6023 

0 . 6  5  o2 

0.2864 

21 

0.7715 

C. 5636 

0.6440 

0.2917 

22 

C.7b25 

C • 5640 

0.  6091 

0.2765 

'It  AN 

0  .  d  0  o  4 

0 • 5696 

0.a903 

0.3279 

S.DEV 

0.0266 

0.0434 

0.0414 

0 . 0  ‘t  4  3 
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APPENDIX  L 


STATISTICS  FOR  MODEL  WITH  GAMMA  DISTRIBUTION 


rriSLL  LOAD  LIST  OUTPUT  STATISTICS 
LE  =  L  '^  =  J.134  T  =  1 .0  K13  =  1. 


NER 

£  R 

TOTAL 

CAfJDIOATES 

1436  7 

1 396RI 

1  542  5  8 

LL  PA  NOE 

2  0-3  9 

11615 

13  7  0  4 

LL  value 

153442  . 

177072. 

33D514. 

ADDS  TO  LL 

2039 

1  1615 

1370  4 

ADOS  VALUE 

153442  . 

177072. 

330514. 

DELETES  FiV  LL 

0 

D 

0 

DELETES  VALUE 

J. 

D. 

0. 

FORCED  GN  LL 

0 

0 

CCNSTRA  IISIED  JTY 

5 

1  156 

1156 

EFFECTIVENESS  DATA 

UNITS  SAT 

Uo23Sl . 

62166. 

17  3405  . 

REON  SAT 

1619. 

1  T')06. 

1 3624. 

OMD  LL 

143433  . 

75969. 

219402. 

NLL 

39753. 

21516. 

b  1  2  6  3  . 

ALL 

230671 . 

FkEU  LL 

2577  . 

2  1  269. 

2  3346  . 

NLL 

2712. 

29  32. 

569  3  . 

ALL 

2  )539. 

NET  UNI r  EFF 

0.31D4 

J.3133 

0.3131 

GROSS  UNIT  EFF 

0.6345 

D. 6377 

0.6356 

NET  REDN  EFF 

0.6232 

D  .  7995 

0.7310 

GROSS  REUN  EFF 

D.306  1 

D.7012 

0.6305 

AVERAGE  DENAND 

CU MPUTAT  ION 

HISTORICAL  DM.)  LL 

20«9 

3475 

5  564 

NLL 

113^4 

9715 

21109 

ALL 

26-^73 

BRF  X  POP  LL 

D 

8  14D 

3140 

NLL 

D 

1D5194 

105194 

ALL 

113334 

FORCED  FCST  LL 

0 

3 

0 

NLL 

1034 

13167 

1425  1 

ALL 

U251 

NUMBER  OF  ITEMS 

RISK  CONSTRAINED 

MAX  RISK  LL 

3  3 

4^ 

37 

NLL 

2210 

6  624 

3334 

ALL 

892  1 

MIN  RISK  LL 

1  f  1 

3376 

4047 

'iLL 

0 

D 

0 

ALL 

4047 

OVERRIDES  APPLI 

ED 

MANDATORY 

D 

D 

0 

MAX  QTY 

■0 

0 

0 

min  QTY 

0 

J 

0 

DELETE 

0 

) 

0 

STATISTICS  FOR  MODEL  WITH  GAMMA  DISTRIBUTION 


STATISTICS  FOR  MODEL  WITH  GAMMA  DISTRIBUTION 


Lual)  list  EFl-cCTlVE'iESS  ^VTL^UTIC  FLEET 


wTR 

NET  JNIT 

oR  j  ^  S  0*^  I  T 

NtT  -'.EQ''; 

oRi  JS  S  RE  Ji'i 

1 

0. ?97a 

0.56  70 

0.  7  30  8 

0.5233 

2 

J.  3  )1 3 

).576Q 

0.7097 

0.3087 

3 

0. 9W5 

0 . 5  0  Q  7 

0.^242 

0.3241 

4 

j.  r9o3 

0.50  77 

0.  709  7 

0.3405 

5 

J  .  3  1  5  J 

0.6214 

0.7114 

0. 3482 

6 

0. 73jJ 

0. 5WC2 

0.6919 

0.3355 

7 

un  11 

0  .  5  0  3  5 

).  6955 

J.  3330 

3 

J. 73j  J 

O.blOl 

0.7210 

0.3517 

9 

0.  /714 

0.O131 

0.  7  2  3^j 

0.3357 

LO 

0.7639 

0.5520 

0.7147 

0 . 3036 

LI 

0.  7^*2  3 

0.5137 

0. 5949 

0.2883 

12 

J.7414 

0.  5145 

0.6964 

0.2334 

L3 

0 .  736  5 

0. 5859 

0. 6  9  7-r 

0.2832 

14 

0. 7530 

0.5441 

0.6623 

0.2643 

15 

0. 7600 

0.4973 

0. 6422 

0.2442 

16 

J  .  7  +  :>  1 

0.498 0 

0.6353 

0 . 2  3  9  0 

17 

0. 7334 

0.4G65 

0.6371 

0.2370 

13 

0. 7355 

0.5486 

0. 6413 

0.2378 

19 

0. 7331 

0.5724 

0.6465 

0.2470 

20 

0. 7371 

0.5735 

0.6562 

0.2560 

21 

J.  7393 

0. 5536 

).  6  316 

0.2555 

22 

C.  73  J3 

0.5524 

0.u077 

0.2439 

'1EAM 

0.7713 

0.5617 

0.6813 

0.  2  9  09 

S.OcV 

0.  02  5o 

0. 0393 

0. 0378 

0 . 04  14 
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APPENDIX  M 


STATISTICS  FOR  UNITS  SATISFIED  MODEL 


Tr>.  SLL  LOau  list 

OUTPUT  STA 

Tl  iTlNS 

LE  =  C.15'^ 

Lt'i 

=  0.lb4  T  =  1 

.0  K13  = 

1. 

Nu  IN 

ER 

TOTAL 

CA.NUIOA  tes 

I'^bol 

139601 

1  34258 

LL  RANGE 

2  fO& 

13  674 

16332 

LL  VALUE 

1 e 76 U5  • 

123189. 

29  J795. 

A005  Id  LL 

27J6 

13674 

16  382 

A2JS  VALUE 

16  76  U6 • 

1231 rt9. 

2':/  07  v5  . 

OtLETES  F>  lL 

0 

0 

DELETE^  value 

u. 

0. 

u  • 

FCKCEG  Ci\  LL 

u 

0 

0 

CCMST'^AINtO  UTY 

3 

324 

32  4 

cFFcCT  I  V  ciM 

ESS  UaI a 

UNI  TS  SAT 

13101 9  . 

o7272. 

198291  . 

keun  sat 

1  y26  . 

18402. 

2  002  6  . 

UMU  LL 

143077. 

75951. 

22UU23. 

NLL 

4J10 

31269. 

713  7  6  . 

ALL 

2  ^  1 4  0  o  • 

FREU  LL 

2127  . 

2  2  9  56. 

25033. 

NLL 

3lo2  . 

32  73. 

o  "t  3  9  . 

ALL 

3  1522  . 

NET  UNIT  EFF 

U  .  4  1  5  7 

0.3  742 

0.9012 

GROSS  UM  T  EFF 

0.7152 

0.621-. 

0 . 0  3  0  5 

NET  REUN  EFF 

0. 76t7 

J . 3016 

0 . 7 1 3  5 

GROSS  KEG^  tFF 

0.3075 

0.7015 

J . 53  5  4 

A V  Ek  AGE 

Uc 

U.mj  ^omp-utat  IUN 

historical  U>'J 

LL 

2  7j8 

49  31 

76.39 

NLL 

10775 

3209 

13  9  3 

ALL 

26d73 

bRF  X  POP 

LL 

0 

8693 

3693 

NLL 

0 

1  O-tONl 

1  O-toH  1 

ALL 

1 13334 

FCRlEu  fcst 

lL 

0 

3 

yj 

NLL 

io3  4 

1 3  1  o  7 

1 125  1 

ALL 

1925  1 

NuMd  E  R 

OF 

ITE  IS  FISn  CONSTR 

AINE  J 

I'lAX  RISK  LL 

V 

20 

2  9 

NLL 

1  70  0 

soil 

7711 

ALL 

7  79  0 

;Mm  risk  LL 

27j 

557  7 

35  6  0 

NLL 

0 

0 

0 

ALL 

3  o  5  J 

UVERK  lues 

mP R  Lieu 

MANUATORY 

0 

0 

0 

.-lAX  QTY 

u 

0 

0 

MIN  QTY 

0 

0 

0 

DELETE 

j 

0 

0 

STATISTICS  FOR  UNITS  SATISFIED  MODEL 


LGAJ  i.isr 

EFf cCTIVcMEaS 

ATLANTIC 

FLEET 

J  TR 

NtT  j.'ii  r 

oRJSS  UNIT 

NET  ROOM 

GROSS  K  E  0  N 

1 

0. 32-f7 

0.573rt 

0. 7389 

0.  2  329 

O.dJ^  3 

0.5923 

0.7149 

0.2723 

0  •  d4-+0 

0  .  b  0  71 

0 . 7 1 B3 

0. 2  7 54 

4 

J.8219 

G.6133 
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11 
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12 
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0 . 2  62  5 

13 
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14 
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lb 
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APPENDIX  N 


STATISTICS  FOR  UNIT  EFFECTIVENESS  MODEL, X=. 154 
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STATISTICS  FOR  UNIT  EFFECTIVENESS  MODEL,  X=.154 


STATISTICS  FOR  UNIT  EFFECTIVENESS  MODEL,  X=. 154 


LOAD  LIST  EFFECTIVENESS  ATLANTIC  FLEET 


UTR 

NET  UNJ  r 

GHUSS  UNIT 

NET  RECN 

GFCSS  REQN 

1 

0.3682 

0.6435 

0.8735 

0.4496 

2 

0.676^ 

0.6593 

0.8465 

0.4364 

3 

0.  d  63  7 

0.6712 

0.8427 

0.4469 

4 

0*  663  3 

0.6743 

0.8371 

0.4659 

5 

0.8876 

0.7016 

0.8360 

0.4722 

6 

0.3637 

0.6756 

0.8334 

0.4623 

7 

0.3590 

0.6698 

0.8316 

0.4568 

6 

0.8667 

0.7075 

0.8639 

0.4770 

9 

0.3568 

0.7021 

0.8625 

0.4553 

10 

0.3400 

0.6279 

C.8469 

0.4296 

U 

0.3221 

0.5859 

0.8314 

0.4151 

12 

0.6  174 

0.5363 

0.8285 

0.4171 

13 

0.8514 

0.659E 

0.8248 

0.4152 

14 

0.3205 

0.6  143 

0.7963 

0.3901 

15 

0.32o7 

0.5662 

0.7813 

0.3668 

16 

0.8  137 

0.5671 

0.7770 

0.3604 

17 

0.8110 

0.5576 

0.7698 

0.3526 

13 

0.6292 

0.6243 

0.7670 

0.3545 

19 

0.3550 

0.6483 

0.7751 

0,3660 

20 

0.3  541 

0.6544 

0.7865 

0.3796 

21 

0.8110 

0.6287 

0.7698 

0.3327 

12 

0.8021 

0.6316 

0.7335 

0.3654 

MEAN 

0.3446 

0.6390 

0.8143 

0.4144 

S.OEV 

0.0260 

0.0448 

0.0386 

0.0430 
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APPENDIX  0 


STATISTICS  FOR  UNIT  EFFECTIVENESS  MODEL,  X=2.10 


T.iSLL  LOAD  LIST  .jUTt^JT  STATISTIC! 
LE  =  2.1J0  Li  =  C.IOJ  T  =  l.J  ,<>13  =  1. 
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